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FOREWORD

This report describes the finite element solution program
MAGNA, developed at the University of Dayton Research Institute,
Dayton, Ohio. Development of the program was performed between
January, 1978 and December, 1982, by the Analytical Mechanics
Group (Dr. F. K. Bogner, Leader) within the Aerospace Mechanics
Division (D. H. Whitford, Supervisor) of the Research Institute.

This work effort was accomplished under Project 2402,
"Vehicle Equipment Technology," Task 240203, "Aerospace Vehicle
Recovery and Escape Subsystems," Work Unit 24020332, "Computer
Aided Design of Bird-Resistant Transparencies for USAF Aircraft."

The present report provides final documentation of the
developments performed on Air Force Contract F33615-80-C-3403
between March, 1980 and December, 1982 for the Flight Dynamics
Laboratory, Air Force Wright Aeronautical Laboratories, Wright-
Patterson Air Force Base, Ohio. The project manager for this
effort was Dr. Fred K. Bogner, and the Principal Investigator was
Dr. Robert A. Brockman. Technical direction and support was
provided by Mr. Robert E. McCarty (AFWAL/FIER) as the Air Force
Project Engineer. The work described herein represents a continu-

ation of previous developments performed in-house at the University

of Dayton Research Institute, and on Air Force Contract
F33615-76~-C-3103.

The author wishes to express his appreciation for the

contributions of several individuals and organizations whose efforts,

support, and suggestions have resulted in significant improvements

to the MAGNA program. Continuing support and many useful discussions

have been provided by Dr. Fred K. Bogner; numerous improvements to
both the program and its documentation have been suggested by

Mr. Robert E. McCarty. The analytical development performed by
Dr. H. C. Rhee and Dr. Mohan L. Soni, and the computer graphics

support provided by Messrs. T. S. Bruner, C. S. King, M. P. Bouchard,

M. J. Hecht, Ms. M. A. Dominic, and Ms. M. E. Wright are also
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gratefully acknowledged. Mr. Thomas W. Held performed the
conversion of MAGNA to the VAX 11/780. Computer resources and
assistance in adapting the program to the CRAY-1l computer were
provided by United Information Services:; special thanks are due
to Mr. Kent Griffith of UIS, who developed the necessary direct
access file utilities. Finally, the efforts of Ms. Kathy Reineke
in typing the manuscript of this manual are deeply appreciated.

This report (Parts I, II, III, and IV) supersedes
AFWAL-TR-80-3152, AD A099454 dated January 1981; AFWAL-TR-80-
3151, AD A099530 dated January 198l1; AFWAL-TR-81-3180,

AD All17544 dated February 1982; and AFWAL-TR-81-3181,
AD All6541 dated February 1982,
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- SECTION 1

INTRODUCTION

Finite element methods and other numerica. techniques for
performing complex structural analyses have matured to the point
that they may be used with confidence in the development and
final qualification of complex structural designs. Numerical
structural analysis is routinely used in a number of industries
to ensure maximum safety and reliability, and practical appli-
cations of enormous size have been accomplished [1] for the
qualification of designs for which full-scale testing is imprac-

tical or impossible.

As the size and/or complexity of an application increases,
'.n! however, the advantages of a computer simulation are sometimes
reduced due to the time and cost associated with the preparation
and checking of input data. For the geometric description of a
finite element model, the tabulation of nodal point coordinates
and the connectivas of elements to the aodes accounts for the
| bulk of the numerical data. In a large finite element model,

manual preparation of this data alone may consume weeks or even

months.

This report describes a system of data preprocessing programs
which generate and manipulate modeling input for three~dimensional

1.1
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- finite element structural analysis. The preprocessing system is
:%{ oriented toward the construction of models for applications

‘ involving thick shell and solid geometries, although axisymmetric
and two-dimensional models may also be prepared. Most of the
facilities of the preprocessor are concerned with the geometric
description of a structure, since it represents the largest and

most complex portion of the problem definition. However, the
remaining parts of the model, such as constraints, loading, and
= material properties, can also be prepared automatically. Facil-
ities are also provided within the present system of programs
[‘. for interactive plotting, optimization of a completed model for
- solution efficiency, and communication with other computer

programs which perform related data processing functions.

1.1 OVERVIEW OF PREPROCESSOR FUNCTIONS™

The present preprocessing system is composed of a series of
compatible computer programs, which perform three primary classes
of functions:

- data entry and translation,

- model editing, refinement and display, and
- data output and reformatting.

These functions are outlined briefly below, and in detail in

, _?"vlr. giraces
. v, P

Sections 2, 3 and 4 respectively.
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The motivation for developing the preprocessor described here
is the current need for a means of constructing finite element
analysis models for aircraft windshield-type structures, which
can be broadly characterized as solid or thick shell construc-

tions. As a result, most input functions are strongly oriented

toward problems involving curved, three-dimensional geometries
which might be described by surface shapes and thickness distri-
butions, by lofting coordinates, or by mathematical expressions

in curvilinear coordinates.

Data entry functions performed within the preprocessor

provide a convenient means of defining the geometry of this
thick shell / solid class of structures; analytically-defined

shapes, lofting input, coarse surface grid data, and surface
patch input are supported, by means of Ffile, keyboard and/or
digitizing pad input.' "Superelement" input, which defines

a geometric shape in terms of the coarsest possible finite
element mesh, is also possible for general two~ and three-
dimensional regions. For models prepared using other data
preprocessing systems (such as PATRAN-G [2] or IMPRESS [3]),
data translation routines are available for converting most

finite element data from external formats to the data forms
understood by this system.

Every data entry (or translation) function results in
data files, which are stored in a certain internal format
for use in the preprocessor. This format is designed for
easy translation to other forms as needed to interface with
other preprocessors and/or specific analysis programs.

wor L ALAACLS B o e E LR
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Once a finite element model is stored in the internal
format of the preprocessor, any number of operations may be
performed to edit, refine or otherwise manipulate the model
geometry and properties. Two or more models may be merged

to form a single geometric model at'this stage as well.

During this phase of preprocessing, a model can always be
saved and accessed later for further processing, so that the
modelling process need not be accomplished in a single session

i ] at the computer terminal.

Final version(s) of a completed finite element model are
translated into forms understood by other computer programs
T! in the data output and reformatting process. The finite
' element data can be formatted for a specrific analysis program,

or rewritten in a form which can be transferred to other

preprocessor formats as needed.

The interrelation of these three phases of preprocessing is
discussed in detail in the following subsection, which describes
many of the possible data paths through the total system. Since
the preprocessing system is ccnstructed from a group of separate
programs which may be executed in any order, the possibility of
introducing specially-written small programs to perform unusual
or unsupported functions also exists. This open-ended organiza-
tion can be a great advantage for the experienced user who is
handy with FORTRAN, while less experienced (or less computer-

oriented) individuals can exercise the capabilities of the

] system "as-is".
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1.2 PATHS THROUGH THE SYSTEM

The organization of the preprocessor is shown in its most
general form in Figure l.1l. Geometric and other data are entered
via keyboard, data file or digitizing pad, using one of the data
entry or interface facilities of the system. At the opposite

end, a completed model is extracted from the system format and
i. placed in a usable form using additional data translators. 1In
between, the main preprocessor (PREP) may be used to modify,
i' refine, list, plot or otherwise manipulate the data.

The choice of a data entry program is invariably governed by
- the form in which the information describing the model is most

readily accessirle. Table 1.1 summarizes the types of input
which are accepted by each of the data entry utilities : CREATE,
IJKGEN, CORGEN, AGRID, and SPATCH. -

In some situations, the geometric description of a model may
already exist in the form of a finite element mesh. When this is
the case, one of the data interfaces TRNSFR, IMPRINT, or NEUTRAL .
can be used to convert the information to the preprocessor
internal format. For data formats not recognized by the systenm,
a set of general-purpose data translating subroutines are pro-
vided, which will permit the conversion of external data with a

minimum of user programming. These utility routines are de-
t scribed in Subsection 3.3.
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DATA ENTRY (SECTION 2) INTERFACES (SECTIONS 3, 5) —
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E Figure 1.1. Preprocessor Organization.
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TABLE 1.1

SUMMARY OF INPUT DATA TYPES FOR DATA ENTRY MODULES

CREATE

IJKGEN

CORGEN

AGRID

SPATCH

Keyboard

X

X

Data File

X"

Digitizer

User Subroutine
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The centrai preprocessing program, PREP, uses a single file
format for data input and output.
interface utilities creates finite element data files in the
PREP standard format:; once expressed in this form, the finite
element mesh can be reprocessed numerous times using PREP, and
may be combined with other models stored in the same form. Data
stored in the preprocessor internal format may be retained on

auxiliary storage and modified as many times as desired. Printed

- A AR At A el Bt AU T S e S S . f

Each of the data entry and

output and geometry plots are also available at this stage.

Data translators which interpret the output of the prepro-

cessor are of two types: the REFMT processor generates finite

element data which is readable directly by the finite element
analysis program MAGNA[4], and NEUTRAL produces a formatted data

file which may be translated for use with other preprocessors

and/or analysis codes.

late the
means of
another.
replaced

PREP data sequence, as it o~curs in files output by the PREP
processor, is described fully in Section 6 for such applications.

Since NEUTRAIL can also be used to trans-

neutral file back to PREP format, it is also a useful

transferring modelling data from one computer system to

Obviously, the entire output translation step may be

if necessary by one's own conversion programs. The
)4 P
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SECTION 2

DATA ENTRY FUNCTIONS

The initial step in generating a model using the present
preprocessing system is concerned with the general descrip-
tion of the structural geometry. In this phase, the objec-
tive is to create a geometric data base which adequately
describes the structure or substructure of interest. The model

so defined will be generally too coarse for the actual finite
element stress solution, but will be sufficient to identify the
structural geometry which may be edited, refined and merged

L with other model files to result in a final model which will

F m be suitable for analysis.

3

9 The data entry modules provided by the preprocessing
» system are applicable to rather arbitrary structural geometries.
The modules discussed in this section detail the provisions for
utilizing various forms of model data input to define a 'coarse'
finite element mesh. It is anticipated that the user will
employ the editing capabilities of the verification and modifi-

cation modules to refine the coarse mesh to a mesh suitable for
analysis.

The CREATE data entry program provides the simplest possible
form of input, in which nodal coordinates and element connections
are defined explicitly in free format at the keyboard. This mode
of input can be useful when large portions of a model can be
defined in terms of uncomplicated shapes.
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The data generator IJKGEN allows the definition of a model
in analytical form, using known equations of a surface or other
shape to set up a topologically regular mesh of nodes and
elements. Built in generation options, and/or user-written sub-
routines, may be used in generating the model.

The CORGEN processor assists the user in combining pre-
viously defined coordinate data, lofting data existing either in
digitizing form or numerical form, and additional data that may
be input directly from the keyboard. This program makes use of
an intermediate nodal group concept to allow implementation of
interpolation schemes to provide for reqular mesh generation.

AGRID is a surface-fitting utility program which permits the
definition of a reqular surface mesh from scattered data which is
not suitable for input in any other form. This module uses a
special smoothing technique which computes surfaces passing

through a number of specified points based on a ‘'least curvature'
criterion.

The SPATCH utility, in conjunction with user-written input
routines, facilitates the translation of geometric data stored
in the form of bicubic 'surface patches' into the forms recog-
nized by the preprocessor.

Each of *hese data entry functions is described in further
detail in the following Subsections. For modelling data which
is incompatible with the data definition utilities discussed
below, the reader is referred to Subsectjion 3.3, which describes
a set of general interface routines which can be adapted to the
translation of most types of data into the preprocessor formats.

|
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2.1 CREATE - Coarse Mesh Input

The CREATE program is oriented toward problems which involve
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geometric shapes that might be defined by a very coarse grid of
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finite elements, even though a much finer mesh would be required
for stress analysis. Such a simple model (e.g., a tapered plate
defined using a single eight-node brick) can be translated into
the preprocessor format using CREATE, and refined for analysis
with PREP. CREATE is fully interactive, prompting the user for
each of the inputs it requires. There are currently limits of
500 nodes and 100 finite elements.

The access procedures for CREATE are detailed in Appendix C

for all computer systems currently supporting CREATE. Once
{. initiated, the program prompts the user with the following
‘ pattern of requests:

F m i.) is this a re~edit session?,

ii.) define a 2-D or 3-D coordinate system to be used,
iii.) input the nodal coordinates,

2 iv.) edit the nodal coordinates?,
P v.) input the element nodal connectivity,

vi.) edit the element connectivity?,
vii.) edit nodal data or element connectivity?

F _ Sample program executions are provided in Section 7.1 for CREATE.
f A feature is provided which allows for re-editing a previously

: CREATE'd file to eliminate mistakes. The user is initially asked
3] if the current session is a re-edit session. If the user responds
& that it is a re-edit session, there must be a file present

f containing previous output from the CREATE program. Should the

: user select a re-edit session there will only be one edit pass
made through the data.

Data entered to CREATE must be either two-dimensional or

2.3
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three-dimensional in form. For two-dimensional data, two coor-
dinates (X, Y) must be defined for each node; three-dimensional
coordinates require a third (Z) value. The user may define nodes
that are not connected to the model being defined, but all nodes
specified in the element nodal connectivity must be defined.

Unused nodes may be eliminated in the PREP module.

Elements are defined in CREATE with reference to the 27-node
solid and 9-node planar elements shown in Figures 2.1 and 2.2.
If the user has selected a 2-D coordinate system, only four to
nine nodes are required to define each planar element. The
elements illustrated in Figure 2.2 are typical 2-D elements the
user may define. When specifying elements using a 2-D coordinate
system, the user must input the element number, the number of
nodes to be used to define this element (from four to nine),
followed by the nodes themselves. Three dimensional models are
defined in the same manner as for 2-D, except that each finite
element may contain from four to twenty-seven connected nodes.
Since each element may have a different number of nodes, the user
must enter the element number, the number of nodes to be used to
define the element and the node numbers involved.

The completed model data is written to the default file
specified in the access procedures for CREATE. This data file
is unformatted and is suitable for input directly to the PREP
preprocessing module for modification and reformatting.

2.2 IJKGEN - ANALYTICAL SURFACE GEOMETRY INPUT

The IJKGEN mesh generator is a stand-alone program which
creates finite element data from analytical descriptions of the
geometry in question. Figure 2.3 demonstrates the types of
geometries which lend themselves to the generation scheme used
i.. IJKGEN: in each instance, the shape can be imagined as varying
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Types of Geometries Suitable for IJKGEN.
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(at least piecewise) continuously with the "generator indices" — 9
I, J and K.

A very simple example of the method of generation in IJKGEN
appears in Figure 2.4. Since the three coordinates R, 6, Z are

orthogonal, we might express them in terms of generator indices

I, J, K as
R = R (I)
= 6 (J) (2.1)
Z = 2 (K)

in which I varies from one to the number of nodes in the radial
direction, and so on. Given the limits on R, ©® and Z, IJKGEN
would generate a mesh by

- looping over all combinations of (I,J,K), p"#
- for each (I,J,K) combination, "interpolating" for (R,®,2), )
- transforming each (R,6,2) to Cartesian (X,Y,2) coordinates.

Connectivity is generated for the model using the fact that the
shape is topologically regular; that is, the connectivity for

the cylinder is precisely the same as for a rectangular parallele-
piped having the same number of nodes in each direction as the
cylinder.

The basic mode of operation of IJKGEN uses a number of built-

in options for geometric shapes, including rectangular flat
plates, cylindrical shells and spherical shells. Furthermore,
two built-in options are provided for interpolating the curvi-
linear coordinates in terms of I, J and K: (1) uniform mesh
spacing; and (2) logarithmic grading, with the ratio of the sizes
of the first and last elements in each direction specified by the
user, Figures 2.5 and 2.6 illustrate the default options for
coordinate systems and mesh spacing in IJKGEN,

2.8
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IJKGEN Default Coordinate Options.
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Figure 2.6. IJKGEN Default Mesh Spacing Options.
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When the default options in IJKGEN are used, the data required
as input includes

- the coordinate system type (Cartesian,cylindrical,spherical),
- the number of elements in each direction,

3 - the mesh spacing option, and

limits on the curvilinear coordinate values.

The generated mesh is always composed of 27-node solid elements,

- which may be reduced to lower-order elements in PREP if necessary

ﬁ; (see Section 4.1, the MASK function). To ensure that 27-node

ri elements which are to be MASKed to create l6-node elements (for
example) are properly oriented, IJKGEN also allows the selection

3; of a "thickness direction"™ prior to generating the element

L connectivity data.

Figure 2.7 shows a sample execution of IJKGEN, using the
default options. In this case, the shape is rectangular, the
mesh is graded in all three directions, and no thickness direc-
tion for the model is specified. Figure 2.8 shows a plot (ob-
tained from PREP) of the finite element model as output by IJKGEN,

Naturally, the simple geometric shapes included in IJKGEN as
t‘ built-in functions represent the exception, not the rule, for
practical applications. When the shape of a model is known in an
analytical form other than those included in IJKGEN, three user-
written subroutines may be introduced to describe the geometry in

¢ equation form:

8

1 - SUBROUTINE UINPUT

ﬁf - SUBROUTINE SURFAC (I,J,K,ALPHA,BETA,ZETA)

L’ - SUBROUTINE CRDTRN (ALPHA,BETA,ZETA,X,Y,2)

»

}- The subroutine UINPUT is called at the beginning of execution, to
- @ 2.12
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ZSR2XLX8LE BEGIN TJKGEN $322X22832
3$3IETSLLTLILZLILILESTETIXLLALRRSXALRLILX

I JKGEN =~ GENERATION OF GEORETRIC MESH DATA FOR SOLID.
THICK SHELL OR PLATE FINITE ELEMENT MODELS, USING AN INTEGER
DIIMTE INDEXING SCHEME. OPTIONAL USER ROUTINES ARE -
SURFAC (1,J,K,ALPHA,BETA,ZETA) ~ DEFINE RESH GEOMETRY
AZ) CRDTRN (M.M,IETR ZﬁTA.X ¥,Z) - COORD. TRANSFORMATION
BUILT-IN OPTIONS IMCLUDE RE nmun. CYLINDRICAL OR SPHERICAL
COORDINATES, AND UNIFORN OR PROPORTIONALLY GRADED MESH SPACING

(3) UINPUT - USE: mancm I"UT ROUTIME (INITIALIZE DATA

32232228 USER SUBROUTINE ‘SURFAC’ MOT GIVEM IX23XX22332
SUILT-IN KSN DIVISION OPTIONS ARE AS FOLLOUS -

(1) - UNIFOPN MESH IN EACH DIRECTIOMN

(2) -~ GRADED MESH (SPECIFY RATIO OF FIRST/LAST ELEMENT SIZE
ENTER OPTION € 1 , 2 ) coccvscnrsncses@

ENTER THE RATIO OF FIRST / LAST ELEMENT LENGTHS FOR EACH
COORDINATE DIRECTION (ALPHA, DETA, ZETA) (Rei FOR UNIFORN)

ENTER LENGTH RATIOS (R1,R2,RI) ccceees3 4 S
$X2828332F  USER SUBROUTIME ‘CRDTRM‘ NOT GIVEN IISIXTISISX

BULILT-IN COORDINATE SYSTER TRANSFORMATION OPTIONS ARE - -~ -
(1) RECTANGULAR, (2) CYLINDRICAL, (3) SPHERICAL

ENTER COORDINATE SYSTEM OPTION ¢1,2,3) -t
$3 PLEASE NOTE THE FOLLOVING CONVENTIONS FOR RECTANGULAR SYSTEM 33

‘ALPHA’Y = X ‘BETA’ = ¥ ‘2ETA’ « 2
A RIGHT-HANLED SYSTEM IS ASSUMED.

ENTER LINITING SURFACE COORDINATE VALUES -
1. ALPHAAIN) 2. ALPHA(MAX)
3. BETA (MIN) 4. BETA (MAX)
$. ZETA (NIN) 6. 2ZETA (W)

-8. ‘o ®. 13. -2. 1

" MMMIERWEIJIENTS 70 _BE GEN-
ERATED IN THE ALPHA, BETA AND 2ETA CO-
ORDINATE DIRECTIONS, RESPECTIVELY .... 33 3

43X BEGIN GEMERATION PHASE 223

MUNBER OF NODES TO BE GEMERATED
NUNBER OF ELEMENTS Yg BE KPER.'I'ED: 33

-, THE TNICKMESS DIRECTION OF TWE MODEL (IF
. . THICK SHELL) MUST BE IDENTIFIED 10 GRILKT CLERCNTS, PROBERLY

- OPTIONS ARE (1)ALPHA, (2)BETA, (3)ZETA, OR (4)CUNIMPORTANTY ,
ENTER THICKNESS DIRECTION CODE (1,2,3,4) -4

{1 232 DATA GENERATION COMPLETE 238

E“ 535838 1JKGEN TERMINATED sassss

(- 625500 MAXIMUM EXECUTION FL.

- 147 CP SECONDS EXECUTION TIME.
v

Figure 2.7. Sample Execution of IJKGEN.
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allow initialization of parameters (e.g., in COMMON blocks) which
! e might be needed in the other two routines. Subroutine SURFAC
computes the values of the curvilinear coordinates (ALPHA,BETA,
ZETA) as functions of (I,J,K), and therefore allows the intro-
duction of non-orthogonal coordinates and variable mesh spacing.
The CRDTRN routine accepts curvilinear coordinate values (ALPHA,
BETA,Z2ETA) and returns Cartesian coordinates X, ¥, Z2; in effect,

CRDTRN defines the coordinate system in which IJKGEN generates
- the finite element mech.
\
b

ﬁ Figure 2.9 shows a model of the B~l bomber left

windshield generated with IJKGEN [6]. In this case, UINPUT has
ﬁ been used to read in "key points" for the windshield geometry,

1 which is cylindrical with irregular boundaries; a two-element
mesh which uses only the key points and a few intermediate points
is shown in Figure 2.10. SURFAC is used to generate intermediate
points on the windshield by linear interpolation, and CRDTRN
performs the final transformation to Cartesian coordinates.
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Figure 2.9.
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Figure 2.10. Coarse B-1 Windshield Mesh using Key Point
Coordinates.
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2.3 CORCI'M - fieneral Sfurface Ceomnetry Inbut

CORCM is a ceneral purnose finite elenment preprocessor
proaran desianed to interpret surface loftina tvpe data, cither
from sets of coordinate data or from AdAiagitized data in the fnrm
of a neonmetric description, The proaram will also accept direct
creation of mnodel aeometry and element connectivity from kevboard
input. Ceometric data input mav come from a variety of nedia
such as disc files, keyboard or diqitizer tablet, or a comhination
0of these., Reference points entered hv anv of these means mav he
userl to aenerate data alona lines, circular arcs or more aeneral
curved paths.,

Data entrv is performed according to "aroups" of points vhere
data from an individual lofting plane (cross-section) will cor-
resnond to a sinale aroup as illustréted in Fiaure 2.11. For each
aroup of data input, the user mav select a different input mediunm
(e.aq file, keyhoard or Aiaitizer), a separate coordinate systen
transfornation (Cartesian, cylindrical, or spherical), independent
coordinate translations and other parameters vhich define the
placement of the qgroup within the glohal coordinate system. TInput
from the diqitizing tabhlet, for instance, is alwavs qaqiven in
planar form (2-D) but mav be arbitrarily located in three dimen-
sinnal space bv specifving the location of a nmositional
Aiqitizing plane usinqg any three non-collinear points lying in
the plane,

Ultimately, the aeonetric data presented to CORCEM nmust bhe
arranaed in nodal aroups containing similar numbers of roints,
NData which does not conform to this scheme mav be interpolated or
otherwvise modified after bheina input to CORMCrYM, The commands
available in CORCLM are aenerally of three tvnes: (1) data innut
cormmands; (2) Aaeneration/interpnlation commands; and (3) eloment
qeneration commands, Innut commands define an input redium, or
cause data to bhe read from an alreadv-defined mediun, Ceneration

and 1nterponlation commands initiate internal acneration of nodes,

2.18
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Figure 2.11. Lofting Surface.
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usually for the purpose of "fillina nut" one or more nodal arouns,
Flement generation commands cause the surface model to he comnleted
hy defining surface element connection data,

Dften the available data is not suitahle for aeneratina a finite
element mesh directlyv, due to poor point spacing or density. In such
situations, interpolation of point data mav be performed in CORCI',
usina the method descrihed in Reference [5]. Interpolation of new
nodes hetveen existing nodes, or placement of entire nev node arouns
between nreviously-defined cross-sections produces smonthly interpol-
ated data, even in situations wvhere spline fittina nav be inadrouate,
Fiqure 2,12 illustrates the salient Aifferences bhetween these
ne thods.

{'henever the user specifies the input of nodal coordinate
data, pronpts will reaquest necessary information for forminn
qroups from that data. Tor example, if the user were to specify
file innut of nodes, the user would be asked to smecifv the
number of nodes per qgroup to be input as well as the number of
agaroups that should be input concurrently containing that number
of nodes per qroup, before returning control to the user.
fimple nodellinag requirements vwill entail no special interaction
bv the user to alter or select aqroups, since CORCEM is structured
to assume the user has entered nondes and aqroups in the order

they are to be utilized in element qgeneration.

Clement generation in CORGCEM defaults to utilize all arouns
currently defined, in the order they were defined. This may be
altered hy the user in special cases uvhere neuv qgroups are created
or arouns were not input in the correct order fcr the agenerator,.
Additionally, the user should bhe aware that when a aroup is
snecified for intermolation, the nev aroup will replace the old
aqroup. This can result in sianificant disarrav of node nunherinqg
sequences in the conpleted nmodel., Provisions are nade for renum-
berina the nodes in the PRIP module to eliminate problems with
non-optimal node nurhering. Should the user create qroups that
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are not bhuilt uvith eaquivalent numbers of nodes, CORGI! will
automatically invoke the interpoliation routines to homoqgenize
all qgroups specified for element qeneration. Element Aqeneration
has tvo options available for positioning midside nodes. The
program default is to always aenerate interpolated nodes hetwaen

existina nodes such that midside nodes are properlv located.

Occasionally, it is necessarv to extensively alter input
neometry data to achieve an appronriate model for analvsis.
Provisions are available for user creation of new aroups hv
snecifying nodes to he used for intermolation and by user selnc-
tion of qroups to bhe utilized in element aeneration. Addition-
ally, a nunber of options exist for alterinqg node, aroup and
elerment data to meet a variety of modelling requirerments. In
the event the user wishes to utilize the element generator but
does not wish to have new nodes interpolated then the Aroups
nust be defined such that an odd number of nodes are located in
each qgqroup and that an odd number of aroups are selected for

element qgeneration.
2.3.1 Interactive Program Execution

The interactive capabilities of CORGF! are summarized in
Table 2.1. The nroaran is essentially command driven, but
oriented such that the user is disnlavecd only a renu of those
options or connands inmmediately relevant. T©xtensive help
facilities assist the user in understandina vhat options are
available and provides information relevant to the current staae
of model developmnent, . '

Initial input to CORCEM consists of establishing the nroper
coordinate systen transformations, imnlementing anv coordinate
translations, resetting default nodal attributes, and anvy other
rarameters that affect the input of nodal coordinate data.

Fiqure 2,13 lists the default options cf CORCE!N and vhat conrands
are used to alter them, Once the user has adeanately defined
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! - TABLE 2.1

CORGEN INTERACTIVE PROCESSING CAPABILITIES

Node Group Element
Input
File X X
Keyboard X X X
Digitizer X
Editing
File
Keyboerd X X X
Digitizer X
Interpolation ' X
Auto-generation X X
Auto-interpolation X
Generation (other) X
Save/Restore X X X

Other features:

o 2-D lofting plane specification in arbitrary space
o Default values for thickness and coordinates
o0 Coordinate transformations and translations
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Default Options for CORGEN Program Execution

. Function Default Command

N Auto Interpolation Yes INTErpolate
- Auto Mesh Generation Yes ELEMent

b Coordinate System Cartesian COCRdinate
. Digitizer Pick Tolerance 5% horizontal axis TOLErance

' Lofting Plane (6.,0.1)

- X vertical screen
- Y horizontal screen

. Z into screen PLANe
fi Translation Factors x=@, y=0, z=0 COORdinate
F Thickness 1.8 THICk
: Figure 2.13. CORGEN Default Options and Commands

Menu Paths

A. File input of nodal coordinates, automatic interpolation,
and mesh generation:

MODE, FILE, READ, FINI, STOP.

B. geyboard igput of coordinates, order groups for
interpolation then selective element generation:

NODE, KEYB, READ:
GROUP, ALTER;
ELEM, GENER;
STOP.

T (i i lPag s diilen
. s eat
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:
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 Jun et el pentnl

Figure 2.14. CORGEN Command/Menu Paths.
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the input cnordinate system, a mechanism should be selected for
e nodal coordinate input. In defining the nodes to CONRGEM, the
' user must be cognizant of the need to incorporate nodes into

'nodal qroups'. All nodal input sequences will question the

.

user as to how many nodes are to he placed in the next input

~e

agroun, There should qenerally be an equal number of nodes in

P )
%

all arouns or the interpolation functions will automatically he

invoked to reconfiqure the qroups so that all are ecual.

-
)
LI
[
"
.,
-

The menu paths of CORCHM are detailed in Tiqure 2.14, The
user is encouraqged to followv a straiahtforward approach to rodel
deneration by first defining nodes in nodal aroups, then selectina
any needed interpolation and finally generating elements, !Manv
of the features in CORGEM are automatic and will be invisible to
the user if nodal qroups are defined properly at the outset.

Cach master command will be discussed belou. All commands are
enabled by typing the one to four letter abbreviation enclosed
in parentheses in the commands listing. The command listinqgs
are alwavs available by typing CCMMands. Master commands are

those commands which are available for the COMMAND..: prompt.

2.3.2 COMMAMNDS LISTING

The user has available a number of command options at all
times. The program is structured to display only those commands
vhich are innediately neccessary to what the user is doing based
on previous commands entered. The naster commands are listed in
Fiqure 2,15. The master commands will provide the user with

nore specific options to accomplish particular tasks bv recues-

- ting more specific input or data. The COMMands command will

; alwvays display the current optional commands available to the

E1 user, Master conmands are alwvays accessible hv the user,

! unless specific numeric data has been requested such as nodal

E - coordinate values. The proaramn default is-to provide a listinna
- of the available commands only when the user tvpes COMMands.

! 2.25
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CORGEN MASTER COMMANDS
COMMANDS. .:

(COMM)ANDS LISTING
(HELP)

(NODE) DATA
(ELEM)ENT DATA
(GROU)P DATA
(SAVE) MODEL
(REST)ORE MODEL
(COOR)DINATE SYSTEM
( INTE)RPOLATE DATA
(DISP)LAY VALUES
(FINI)SH MODEL
(THIC )KNESS

(sTOP)

Figure 2.15. Master Commands for CORGEN.
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2.3.3 COORDINATE SYSTEM

Three autonatic coordinate transformations are built into
CORGE!M. The Cartesian (rectilinear) coordinate systemn ic
Nfaplt,  Smberical conrdinate conversinons mat i orecifiest foy
data inrut as (R,PUI,TUFTA) vhere D is the radius of a snhere and
TUFTA and PU'I represent anales in dearees, locatina the noints on
a spherical surface. C(Cvlindrical cnordinates conversion is also
available for nodel data defined by (R,THITA,7) coordinates,
vhere R is the radius fromn the center of a cvlinder, TI'INTA is
the anale in deqgrees of the point about the circular axis and 2
defines the londitudinal distance along the cvlinder axis. The
three coordinate systems are illustrated in Fiqure 2.16. The
COORAinate comnand selects the current coordinate svstem until a

nev one is specified,

The user is queried if coordinate translations of data from
the oriqin are desired whenever the COORdinate command is executed.
The translation values will remain in effect until chanaed or
disabled bv again executing the COORdinate command. Coordinate
translations are specified as positive or neqative maanitudes to
direct the node in the X, Y and 7 directions resnectivelv. The
translations are applied to input coordinate data after the coor-
dinate transformations.

2.3.4 DIGITIZING DATA COMMAND

DIGItize is an input commnand desiqgned for diaitizinn
nodes and element connectivity utilizina loftina planes
oriented arbitrarily in three dimensional space. Mata nav
be input to CORCTM in the form of diaitized noints fron

sources such as loftina drawvings,

The NICItize command is currenty implemented to orerate
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| a. Right-handed Cartesian Coordinate System Definition (X, Y, 2)
,
A
>
it X
\ : //
2N ¢
Z
b. Right-handed Spherical Coordinate System Definition (R, ¢, 8)
Y
A 1
e ——— — \
; |
= R }
A Y,
o |
- Z
g c. Right-handed Cylindrical Coordinate System Definition (R, 8, Z)
- CORGEN COQRDINATE SYSTEMS
é Figure 2.16. Right Handed Cartesian (X,Y,2) Coordinate System;
. Right Handed Spherical (R,$,8) Coordinate System;

Right Handed Cylindrical (R,6,2) Coordinate System.
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with Tektronix Aaramhics tablets, terminal (cross-hair) screen
cursors, or terminals that ernulate Tektronix qraphics terninals.
The command uses both command prompt and cuestion/answer
techniques to establish the diaitizing area. The user wvill bhe
pronpted initially for input to identify the tyrme of araphics
terminal beinag used; the type of diqgitizina to be done (screen
cursor or tahlet):; the location of a menu area if one is desired;
the definition of a 1lnftina plane; and the orientation of the
Aravina to he diaitizesd on the tablet. Cnce these initial itersg
are defined the user is reauired to beain diaitizina coordinate
points. After the user has conpleted input of points for the
first loftinqg plane, a menu of comnand options is disnlaved tn
allov the user to redefine the lofting plane; add, nove or delete
nodes; create or etit elements; or to reset default values of
parameters such as layer thicknesses or coordinate translations.

Fiqure 2.17 illustrates the initialization information reaquired,

"hen the user selects the tablet input option, the proaranm
must request information to locate the model on the tablet and to
set a user coordinate systen independent from that on the tablet,
In this case the user nust first digitize the point that will
represent the oriqin (0,0) of the first drawing to be input.

This point is followed by a second diaitized point which should
define the maximum point along the USFR'S horizonta® axis.

The user should note that the user's horizontal énd vertical
axes do not need to alian wvith the tablet (or terminal) hori-
zontal axes as the proaram will provide the appropriate coor-
dinate translations.

An optional 'menu' area is allowed to facilitate proqran
execution., This menu consists of 16 blocks arranaded in a 4 bv 4
matrix as illustrated in Fiqure 2.18. then the menu area ontion
is selected it allous the user to auickly exit the digitizina
node or to easily undo any operation the user may have nnt
really vanted to prerform. 1In addition, the menu area can he used
to desianate any one of up to nine different nredefined thickness

2.29
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PLOTTING PACKAGES:

1 - DI-3000 _
2 - TEK PLOT10 O
3 - NO PACKAGE

i
e

1 ENTER PACKAGE TYPE (1-3)....: 2
S TERMINAL TYPES:
- 1 - NONGRAPHICS
- 2 - TEK 4006
- 3 - TEK 4010, 4012, 4052
v 4 - TEK 4014, 4016
5 - TEK 4014 EG
6 - TEK 4114

.
‘-.
[
ne
Lo
'
13

ENTER TERMINAL TYPE...: 5
DIGITIZER TYPES:

1 - TERMINAL W/CURSOR

2 - TERMINAL W/TABLET

3 - TABLET STAND-ALONE
ENTER DIGITIZER TYPE (l1-3)....: 2

ESTABLISH A TABLET MENU AREA FOR

CONTROLLING DIGITIZING? (Y,N)..: Y
THE USER MUST DIGITIZE THE LOWER
LEFT AND UPPER RIGHT CORNERS OF
THE TABLET MENU AREA, THEN ENTER
THE NUMBER OF HORIZONTAL AND
VERTICAL MENU OPTIONS AVAILABLE. )
DIGITIZE THE LOWER LEFT MENU AREA..: .‘s‘

DIGITIZE THE UPPER RIGHT MENU AREA.,.:

TABLET - SET USER ORIGIN AND AXES

TO ORIENT THE MESH AXES ON THE

TABLET. THE USER MUST DIGITIZE

TWO POINTS - THE HORIZONTAL

ORIGIN OF THE MODEL, THEN THE

MAXIMUM HORIZONTAL VALUE ON THE

HORIZONTAL AXIS, THE USER-ASSIGNED

- COORDINATES FOR THESE TWO POINTS

- MUST THEN BE ENTERED TO PROPERLY

X SCALE THE DIGITIZED DATA. DIGITIZE

- THE ORIGIN OF THE HORIZONTAL AXIS.:

A ENTER THE COORDINATES FOR THIS POINT(X,Y).: 0.,0.
3 DIGITIZE THE MAXIMUM HORIZONTAL POINT:

" ENTER THE COORDINATES FOR THIS POINT(X,Y).: 100.,0.

s oM e

Figure 2.17. DIGItize Command Initialization
Questions.
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SCALE IS: 1 USER UNIT = 65.300 UNITS.

THE CURRENT LOFT PLANE IS DEFINED
BY THE FOLLOWING VECTORS.:

vVl = ( 1.0000, -0.0000, 0.0000)
V2 = ( 0.0000, 0.0000, 0.0000)
V3 = ( 0.0000, 1.0000, 0.0000)

CHANGE THIS LOFT PLANE? (Y,N)....: N

DO YOU WISH TO INPUT THICKNESS
VALUES?(Y/N)eoeeos ¥

WHICH THICKNESS OPTION?
1 - INPUT A THICKNESS VALUE FOR EACH POINT
2 - SET ONE THICKNESS FOR ALL POINTS
3 - DEFINE LAYERED THICKNESS INDICES
ASSOCIATED WITH EACH POINT OR GROUP
ENPER THICKNESS OPTION (l1,3)..s.: 2

ENTER THE OVERALL THICKNESS (>0)....: 0.75

THE PICK TOLERANCE = 4.00

DO YOU WANT TO CHANGE IT? (Y,N).: N
USER MUST DIGITIZE NODES BEFORE ANY
OTHER COMMAND MAY BE EXECUTED.
DIGITIZE NODES. WHEN FINISHED
DIGITIZE THE 'R' CHARACTER IN
THE MENU BOX, OR DIGITIZE THE
SAME POINT 3 TIMES. DIGITIZE
THE 'D' TO DELETE THE LAST NODE
INPUT. '

DISPLAYED POINTS ARE THOSE
ALREADY PLOTTED BY USER.
BEGIN DIGITIZING POINTS:
READY? --> Y

Figure 2.17. (Continued)
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Figure 2.18.

DIGItize Command Menu Block.




values to each node as it is dinitized, in lieu of predefinina
only a single thickness value for all nodes input. The 16
R blocks are defined to be:

17 SO
(

-\.
gj PLOCK LANIT,
2‘{ """"""
.
2 COM™MAND 1-9 C R r r . |
I |
" |
- DICMION thickness none  return return delete none
& index last
F! (predefined) node
DIGLIN none none return return delnrte none
last
elerent
HOVMOD nnot availahle - user nust Adiaitize the same roint
rf- three times to exit this conmmnand,
DELNOD none none return return restore none
last
node
PRIRIM none none return return restore none
last
elenent
LOF™ -= not used ==

T I

’
et

Note that the "0" and "R" blocks appear twice each in the

;: menu area, as shown in Figure 2.18. The menu area may be

h located anywhere within the available digitizing area, and
T may be set to any size which is convenient for the user. The
8 -

9 -
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specified location of the menu area is given by first diai-
tizing the lover left corner of the menu block, then diqi-
tizina the upper right corner of the menu bhlock., The proaran
will display the menu block when it enters the DIGNOD command.
Fach time the LSPLAY comnand is executed the menu area vill be
redravn, To select any item in the menu area the user need
only place the diaitizina stylus within the hlock surroundinqg

the character desired,

A default lofting plane is defined uvhich places the alobal
(3-N) X axis alona the local (2-D) Vv axis (vertical screen):
the qlobal Y axis lies alona the local X axis (horizontal screen
or tabhlet); and the alohal 7 axis is positive into the terrinal
screen (avay from the user). This is illustrated in Fiaqure 2.19.
The user mav alter the loftinag plane by specifying any three
noncollinear points that lie within the desired plane. The

LOFT command contains all further discussion of this ontion,

The user is aiven the option of specifiving thickness values
to be associated with each point input. Three options exist for
specifying the thickness values., First, the user may input a
thickness value for each point AS THLY ARE BLING DICITIZID.

The proaram will prompt the user for each coordinate thickness
value after it has been digitized. A second option allows the
user to specify a sinale thickness value to be assiqgned to all
nodes as they are dimitized., This single thickness value will
remain in effect until chanaed by the user with the TIIICK
comnand. The third ontion allows the user to define up to nine
different thickness values. These values are indexed in the
order thewv are input to ithe proaram (e.aq. first value = index 1)
and are referenced by their index value. Once a point is input
bv the user, an index (menu area nunbers 1-9) rnust then bhe

digitized to define the thickness at that node.

To comnlete the initialization, the pronram displavs the
current pick tolerance (resolution) in user units and queries

»
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Figure 2.19. CORGEN Default Lofting Plane.
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the user if a change is desired, A smaller pick tolerance
wvill require the user to be more exact in selecting nodes or E
elements for editing or deleting. It is recommended that the -~
user select a smaller tolerance if the coordinates to he input

lie relatively close to each other (i.e. within 5% total distance),

Once the initialization is completed the proqgram will
automaticallv execute the DICIOD command. The DICNON comnmand
rnav be exited at any time into the command mode. Fiaqure 2.20
lists the various commands available in DICItize and a list

of the NCLP comrand output., TNach command is discussed helow,

NICMNODP allows the user to specify the input of points.
The user also must define a thickness value for each point input.
As discussed above there are several options that allow the user
to select a constant thickness value for all points; to specifv
via the keybhoard a different thickness for each moint input; or
a means of specifving two to nine thickness and dinitizinc the (
index of one of those to associate with the current point. The ‘”1
user must have selected the nmenu option in order to use the indexed
thickness values options, Once the user has defined enounh nodes
he may exit by digitizina the same point three times in succession
or by picking the *R' or 'L' blocks in the menu area. 1If, at
any time, the user wishes to delete the last node entered,
simply diqitize the 'D' block in the menu area. Repeated use

of the 'ND' block will continue to delete nodes from the hiqghest
numbered node down,.

The DICELFE command allows the user to specifv element
connectivity either by kevhoard input or by picking currentlvy
defined nodes with the digitizer. At least four nodes nust he

specified to create an element and as many as nine nodes nmav

be aqiven, Should the user desire to utilize the diaitizer to
Adelete elements, then at least five nodes must he aiven tvhere
the fifth node corresponds to local node numher 9. Tiqure 2,21
illustrates the order nodes are to he aiven to AdAefine an element
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- ENTER COMMAND: HELP

CONTROL COMMANDS

o o T o g e e e -
SEESZSRE EEsEmEmE=

COMMAND FUNCTION

DIGNOD - DIGITIZE NODES (REQUIRED FIRST)
i DIGELE - DIGITIZE ELEMENT CONNECTIVITY
‘ DELNOD ~- DELETE A NODE

DELELE -~ DELETE AN ELEMENT
i DSPLAY - DISPLAY ALL DIGITIZED POINTS
: HELP - PRINTS THIS LIST

MENU -~ CHANGE MENU LOCATION

MOVNOD - MOVE A NODE TO A NEW POSITION

LOFT - DEFINE A NEW LOFTING PLANE

SAVE - SAVE MODEL DATA

STOP - STOP PROGRAM

Figure 2.20. DIGItize Command HELP Feature.
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either by kevboard or by diqitizer. All four corner nodes are
required to define each element, wvhile the remaining five nndes
are optional. The user must srecify the hiqghest local ncAde
nunber to be defined as the total numher of nodes to be niven
for an element connectivitv. For example, if the user vishes to
qive 5 node numhers to define an element, but have them corre-
spond to local node locations 1-4 and 9, the connectivity list
will be 1,2,3,4,0,0,0,0,5 vhere all intermediate nodes that are
not defined nust be set to 0. If only 4 nodes are to bhe given
the user may just specify those 4 and the rest uvill he set to 0.
To exit from the DICLCIC command the user mav diqitize the same
point three times or pick the 'R' or 'E' blocks in the menu
area (if the diaitize option is selected).

2.3.5 DISPLAY VALUES

The user nav execute the DISPlay command to ohtain informnation
concerning the status of the model beina defined and user defin-
able parameters that affect model data definition. Fiqure 2.22
illustrates the output provided by the DISPlay command. All model
parameter values are calculated in response to the comnmand, so
repeated use of the command can be wasteful. CORGEN will automat-

ically provide this information before program termination,

2.3.6 CLEMENT DATA

The T'LCMent command provides the user with capabilities for
implementing the nesh qeneration features of CORCI*, Options
exist for selecting alternate qrouns of nodes to be utilized in
the element generator or for the user to enter nev elements
directly from the keyboard. FEditinqg features are provided vhich
allow the user to alter nodes specified in element connectivity
or to renlace or delete elements, Flements can be listed by the
selection of a range. Fiqure 2,23 illustrates the comnand options
available wvith the rILMent comnand. The nine node hiquadratic
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MODEL SUMMARY DATA:

NUMBER OF NODES DEFINED....... :
HIGHEST NUMBERED NODE.........:
NUMBER OF UNDEFINED NODES.....:
NUMBER OF GROUPS DEFINED..... ot
HIGHEST GROUP DEFINED....... e et

NUMBER OF ELEMENTS DEFINED....:
HIGHEST ELEMENT DEFINED.......:
NUMBER OF UNDEFINED ELEMENTS..:

NUMBER OF ELEMENT REFERENCES
TO UNDEFINED NODES....ce00vuest

Figure 2.22. DISPlay Command Output listing
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ELEMENT - specify element generation editing

ALTER - éhange element connectivity

GENERATE - generate elements using selected groups
FILE - input element connectivity from file
KEYBOARD - input element connectivity from keyboard
HELP - help user

INTERPOLATE - refine mesh by interpolation

LIST - list elements

DELETE - delete elements

TABLE - give summary of element statistics

* Figure 2.23. ELEMent Command Options.
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elenent illustrated in Fiqure 2.21 is the element type generated
by the ELM'Ment command. The proaram allows the user to specify
element connectivity directly, however, the user nust specify
elements that correspond to the local node numbering qgiven in

Fiaure 2.21 for the quadratic surface elenent.

If the IllTIrpolate ontion has not been invoked at the time
elements are nencrated, CORGEN permits all existina nodal data to
be interpolated (refined) in both surface directions) prior to
generating elements., Invoking the interpolation option at this
time produces twice as many elements in each direction (refinement

may also be postponed until PREP is executed; see Subsection 4.1).

2.3.7 FIMISI MODEL

Once the nmodel nodal coordinate data has been input properlv
to form appropriate groups, the user may select the FI!lIsh
conmand to conmplete all element generation and preprocessor
functions to conclude the progqram. This command will access the
current qroups list whether established by default or selected
by the user, and invoke any necessary interpolatic-~ ‘i cedures
before evxecutina the element mencratnr. The commanrd wvrites an
unformatted data file which the user mav input directlv to the
[XPAND nodule to obtain the 3-D solid element model needed for
input to the PRIP proaram. This command will provide a listinqg
of the model parameters illustrated in Fiaure 2,22 once the
nodel has been completed. Included in this listina vill be the
file number containina the current nodel data. The STOP command
has the same effect as FINIsh,

2.3.8 CROUP DATA

Crouns are enploved by CORCRM as an internediate ornaniza-

tional structure to facilitate element qgeneration. The CDOUD




g

W e T e T 4Ty oUW Tew L, T T T

command options, illustrated in Fiaure 2.24, allou the user to
alter the node ranges defined in the aroups, to list defined
qroups, to select alternative grouns or order of qrouns for
element generation and to define nev aroups for use in element
aeneration or new node interpolation. The concept of the aroup
consistina of cross—-sections of some model, nrecludes the
definition of anv node in more than one qroup srecified for
elenent neneration. The user nav, hovever, create new arours
wvith existing nordes for the purmoses of interrolatina nev nodes.
The nev qgqrouns mav contain qreater or fever nodes than the
oriainal aroups and will replace the oriqinal Aaroup sent to “n

the interrolation.

CORCT!I provides interactive prompts to insure that the user
properly defines nev qroups or makes valid chanaes to existinn
aroups. Groups are defined bv a beainninag node, an endina nnde
and a aqroup designator, The aroup desiqgnator assists the user

in keeping track of howv the qgrouns wvere created., Table 2.2

2

lists the different group desiqnators that are assinned an
defines their meaninas. The current options for CORCE' assumne
that the user is ahle to always input or aenerate nodcs such
that functionally related nodes are adjacent to one another,
Special cases mav arise where the user nmust specify random lists
of nodes for interpolation to yield a new qroup with the proper
characteristics for the nadel to be defined,.

2.3.9 INTERPOLATE PATA

CORCEN provides the user with a means of creatina new
coordinates based on the nodel data provided. The I''"Trrolate
comnand allows users to input either a arour of nodes or a list
of nodes to use for the creation of new nodes. The input for
the interpolation procedures requests the user to srecify vhat
nodes or qroup to use and hov many nodes the new aroup beina
created should have. CORCE' yill interpolate the aiven nodes

2.43
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GROUP - select group specification and editing

ALTER - change group composition

INTERPOLATE - generate nodes with selected group
KEYBOARD - keyboard input of group composition
HELP - help user

LIST - list groups

DELETE - delete groups

TABLE - give summary of group statistics

Figure 2.24. GROUP Command Options.
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TABLE 2.2 - CORGEN GROUP DESIGNATORS

Groups will be labelled depending on the type of input
used to define the nodes to the program. The following
group designators are used:

-
4 — QraR R

- arc generator

- curve generator

- deleted group

- file input
interpolated - S
- kevboard input

- line generator

- screen digitizer

-~ tablet digitizer
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and provide a nev aroup of nodes if no qroun was specified or
it will overurite the aqroun that was qiven as input. The two
end point nodes of the aroup will be included in the newy aroun -]
to insure the no-del boundaries are not affected. 'hile the new
qroup will replace the old group, new node numhers must be
aenerated for the nodes created by interpolation., These new
node numbers in no wvav correspond to the old node numbers. The
actual nodal cocrdinates used to do the interrolation are in no

vav affected by the generation of new nodes,

2.3.10 1ONC DATA

CORCEM is structured to provide the user with several node
input features vhich operate independently and concurrentlv,
The user mnav access a FITE input of nodal data, then enter the
¥I"Ynoard option to add additional coordinate data. In addition,
the diaitizing command may be executed at any time to add loftinn
tvrpe data coordinates. The node input routines will prompt the P
user to declare howv many nodes are to he included in the next B
aroup. If appropriate, the user also will be asked to specify
how many qroups are to be created before proqram control will be
returned to the user. The input routine will then create or
input enouqh nodes to eaqual the number of nodes per qroup times
the nunmber of aroups. The qroups created mav then be utilized
to create other aroups of nodes or to specify howv nodes should
be orqanized for element qgeneration, Fiaqure 2,25 lists the
ontions for the NONM cormmand,

All nodal coordinate data is stored as four values. I'pon

input to CORCL! all data is converted to rectilinear coordinates
and stored as (X,Y,2) triples for each coordinate location. In
addition, a thickness parameter is associated vith each coor-
dinate set for use in FXPAMDing the surface nmodel to a solid
nodel prior to use by the PRIP preprocessor, The user nav
specifv a default thickness value vhich will be avpended to all 1
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s NODE

ALTER - change nodal attributes

GENERATE - create new nodes using automatic generators
FILE - input nodes from a file

KEYBOARD - input nodes from keyboard

HELP - help user

LIST - list nodes

DELETE - delete nodes

TABLE - provide a table of nodal statistics

INTERPOLATE - create new nodes via interpolation

Figure 2.25. NODE Command Op*ions.
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the coordinate data input until the user resets it. The AILTEr
option also rermits the user considerable flexibility in making
changes to attributes (e.aq. - X,Y,2,7THICK) of a ranne, list or
agroup of nodes. lew nodes mav be input to CORCEM via the ALTFr
mode, .hovever, all nodes entered in this fashion will be nlaced
in a single nev group. A new qgroup will be created each time
the user leaves the sinadle node edit option and one or nore

previocusly undefined nodes wvere entered,

KFvRoard input of nodes allows the user to input nodes in
coordinate triples plus a thickness value, Any coordinate
transformation can be specified for the data as well as a
senarate coordinate translation. Lofting planes cannot he used
vith the keyboard input. All data for KEYRBoard input is read
format-£free, meaning the user may type the data bv separatinn

each value with a comma or blank.

FILC input provides the user with a convenient means to
input coordinate data already available on cards, tapes or
disk files. The user may input data as coordinate triples
plus a thickness value or may select to snecify a default
thickness and just input the coordinate triples. Aagain, the
coordinate transformations may be selected for spherical or
cylindrical coordinates if necessary. The user nmust he
careful to specifv how manv aroups are to be constructed hy
the current kRAD option. The command will request th: user
to specify the number of nodes that are to be included in
each Aroup heing built then the number of aroups to he
constructed. The number of nodes on the file nust be at
least the number of nodes per group times the numbher of aroups
to build,

The DICItize command allows the user to create diqitizina

nlanes arbitrarily located in three-dimensional space. The
dinitizing planes are defined either hv providina the ecuation

2.48
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of the plane, three non-collinear points or three nodes
currently defined that lie within the plane. Once the lofting
plane has bheen defined the user may beqin diqitizina coor-
dinates into qroups, uvhere each loft plane will qenerallv
correspond to a separate group. The command assurnes a
Cartesian coordinate system for all diqitizina, althouqgh the
user may select coordinate translations to perform on the
data prior to the transformation from the Aiqitizina plane to
global coordinates. The user may exit the digitizina node in

two vays, one is to select the menu option and digitize the

EXIT™ option in the renu area. The second manner is to
diaitize the same point three consecutive times., In the latter
case the last three points will all be lost.

2.3.11 RESTORE DATA

NData that has heen previously qgenerated by CORGLM, ACRID or
SPATCH in the unformatted, surface model file structure mnav be
submitted to the CORCEN proqram with the RESTore command. This
command will cause the current model in the CORGEN system to be
deleted and the new model to replace it. Once the command has
been issued the user will be prompted to input the appropriate
data file specifier (see Appendix C for valid file names). CORGEN
will then input the new nodes and elements and create qrouns for

user convenience,

2.3.12 SAVEE DATA

Data input to CORCEM or created hy CORCCH nay he saved at any
time by the user with the SAVE command. This comnand will cause
all currently defined nodal coordinate data, element connectivity
data and qroups specification data to be uritten to an unformatted
surface nodel data file.
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2.3.13 STOP PROGRAM
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The STOP command will terminate CORGEN program execution.
Program processing flags will be checked to insure the user has
not overlooked any of the crucial operations necessary for model
generation. If any phases of model development have not been
accomplished the program will perform any operations that are
necessary to produce a complete model file.
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2.4 AGRID - Arbitrary Arrays of Points Mesh Input

The AGRID data entry program is designed for use with data
that is unsuitable for use with the remaining data input modules,
usually due to a lack of order within the geometric data itself.
AGRID can accept a virtually arbitrary collection of point coor-
dinates which lie on a surface of interest, and generate a regqular
grid of mesh points which define a smooth surface passing through
the given data.

The method of surface-fitting used within AGRID is based upon
a minimum-curvature criterion, by which the given data (in the
form of point coordinates X, Y, 2Z) is used to define a continuous
surfacé 2 = 2(X,Y) which exhibits a minimal amount of oscillation
between the known points. In particular, the final surface is
represented by a grid of piecewise bicubic functions whose coef-
ficients are determined by minimizing the curvature functional

22 (2 2

Yy ,xx%, vy .xy)] dx dy

o= ff 23 +
a ) XX
which reflects both the mean and Gaussian curvatures of the
surface. The minimization is carried out by solving a small
finite element problem, in which each bicubic segment of the
surface corresponds to a single finite element.

Figures 2.26 through 2.28 illustrate the AGRID solution pro-
cedure. The known points lying on the surface to be defined are
enclosed within a rectangular region which will form a temporary
grid for interpolation (Figure 2.26). A mesh of 'interpolation
elements' is defined by specifying the series of X (or Y) coor-
dinates at which mesh points are to be positioned, as shown in
Figure 2.27. The mesh size and refinement are arbitrary, but
more divisions would normally be used in those regions containing
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Figure 2.26. Arbitrary Array of Surface Points.
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Figure 2.27. AGRID Interpolation Grid.
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the largest number of prescribed coordinates or exhibiting the
most changes in curvature. The coordinates of known points on
the surface are then specified; these may be located anywhere
within the interpolation grid, but not outside it. Finally, a
set of boundaries is defined which outline the true limits of
the surface mesh to be generated, and the number of surface
elements to be generated along each direction of the final mesh
is specified. The projection of these boundary curves on the
(X,Y) plane is a straight-sided quadrilateral, as shown in
Figure 2.28. The result of this procedure is a mesh of surface
elements (see, for example, Figure 2.2) and coordinates, suitable
for input to EXPAND.

The necessary input to AGRID is summarized in Table 2.3.
This data is normally saved on a file (local file INGEOM, on CDC
machines) arranged in free format, with spaces or commas
delimiting separate items of data within a record. The output
from AGRID, in addition to a minor amount of printed output, is
in the form of the shell surface geometry file described in
Subsection 6.1 and in Appendix A.

It should be observed that AGRID is based upon an empirical
means of interpolation, due to the generality of the data which
can be accepted. 1In return for this generality, a compromise in
the quality of the interpolation can result if the amount of data
given is insufficient to define the surface with a fair dégree of
accuracy. For example, the specification of three data points to
AGRID will always result in the generation of a planar surface,
even if the intended result is a curvilinear surface; four points
will generate a warped surface with small mean curvatures. When
the local changes in curvature are significant, sufficient data
must be specified to make them evident to the generator. If this
advice is followed, AGRID is capable of producing very nice
results from the most disorganized data.
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TABLE 2.3 -~ AGRID Data Input
RECORD VARIABLE DESCRIPTION
1 NXINT Number of X-stations in rectangular interpolation
grid
NYINT Number of Y-stations in rectangular interpolation
grid
NSPEC Number of prescribed coordinate values to be given
2 X (NXINT) Array of X-station values, in ascending order
3 Y(NYINT) Array of Y-station values, in ascending order
4 XVAL X~-Coordinate for prescribed point
YVAL Y-Coordinate for prescribed point
ITYPE Type of value prescribed
(=1 for z, =2 for dz/dX, =3 for 4dz/4dy)
VALUE Value of Z, dz/dX, or dz/4Y at point (XVAL,YVAL)

<<< Repeat record 4 for each prescribed point (NSPEC times) »>>>

XOoUT (4)
YOoUuT(4)

NEL1
NEL2

THICK

X-Coordinates of corner points of output grid
Y-Coordinates of corner points of output grid

Number of elements in output grid,
Number of elements in output grid,

along edge 1-2
along edge 2-3

Uniform thickness value for use in EXPAND
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l it 2.5 SPATCH - Surface Patch Geometry Input

Recently, many interactive surface design systems have

'; adopted the bicubic patch as a basis for geometric description.

I ' The SPATCH utility is a special-purpose conversion program which,
with the aid of a few simple user-written subroutines, allows

the translation of bicubic surface patch data into the
‘preprocessor data format.

.
.
\
K
-
N
)
e
' e

With the type of surface patch considered in SPATCH, all
three Cartesian coordinates X, Y, Z are described as parametric
functions of two natural coordinates (u,v),

X =X (u,v)
=Y (u,v) (2.2)
2 =12 (u,v)

where u and v each vary between zero and one. The most common

form of storing the surface patch data is in arrays having the
form [7]

TS

s
»4

00 01 ‘| %voo *vo1
X100 *1n1 Xo10  Xv11

b

(2.3)

*a00 Xue1 | *uvoo *uvoi
xulO xull Xule xuvll

for each of the coordinates X, ¥, 2. The indices (0,1l) refer to
the values of u and v respectively, and subscripts u, v denote
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parametric derivatives of the coordinate in question. For -%4
example, Xvlo is the value of dX/dv at u=l and v=o.

SPATCH permits surfaces described in the form of a collection

of such patches to be
surface elements (see
to EXPAND. The input
subroutine, since the

. W T T . e e - . 0 < 7
-, T P e s TR T < - -

translated into an assemblage of biquadratic
Subsection 2.1, Figure 2.2) suitable for input
to SPATCH is performed through a user-written
actual storage of the surface patch data may

taken on a number of different forms. The user routine has the form

SUBROUTINE UPATCH (PATCH, THICK, NU, NV, ICOUNT, IEND)
DIMENSION PATCH(4,4,3)
< code to read surface patch data >

‘RETURN
END

The exact meanings of all formal parameters and other special
requirements are discussed in Appendix E. Each surface patch
(described by the coefficients in array PATCH) may be divided

into one or more nine-node surface elements, as determined by
the parameters NU and NV.

Two additional user-written subroutines are provided for in
SPATCH, to permit opening and/or positioning of the patch data
file prior to entering UPATCH, and closing of the file upon
completion. These two routines will generally be necessary only
in the VAX version of SPATCH, or in the event that other, extra-
neous data precedes the surface patch data on the file to be

accessed., These two file control subroutines, UOPEN and UCLOSE,
are also described in Appendix E.
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SECTION 3

PREPROCESSOR INTERFACE MODULES

0 The translation of existing finite element model data into
ﬂ. the standard preprocessor format is accomplished using special-
i; purpose data translation utilities, each one corresponding to a
o specific pair of data formats. Conversion of modelling data
into the standard PREP format is currently possible for two data
file types:*

-~

- MAGNA [4] finita element data deck; and
- IMPRESS [3] preprocessor database.

These two data conversion utilities are described in subsections
3.1 and 3.2, respectively.

In addition to the special-purpose translation programs

' mentioned above, a set of general-purpose utility subroutines

j exist for the purpose of converting finite element data in other
;i external formats. These general interface routines are the

r—n

subject of subsection 3.3.

E- ‘ *Conversions to and from the PREP file format can also be
b

jﬁ performed using the NEUTRAL interface program (Section 5).
53 NEUTRAL is used primarily for archival of data in

formatted form.
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- 3.1 TRNSFR - MAGNA INPUT DATA TRANSLATOR

- The TRNSFR data translator accepts as input the standard data
- deck recognized by the MAGNA finite. element program [4]. Only the
II nodal coordinates and element connectivity data, which represents
the bulk of the model information, are converted to the pre-

rﬁ: processor internal format. All of the standard MAGNA element

i types are supported by TRNSFR; these include:

- truss (bar) elements, with two nodes per element,

- beam elements, with two or three nodes per element,

- Plane stress, plane strain and shear panel elements
having from four to nine nodes per element,

- axisymmetric elements with four to nine nodes,

- the MAGNA thin shell elements, with eight or sixteen
vertex nodes, and ' s

-~ three-dimensional solids, with from eight to 27 nodes.

TRNSFR is capable of accepting all of the incremental node point
and element generating sequences possible with the MAGNA program.

Execution of TRNSFR is quite simple (see Appendix C). On CDC
computers, the MAGNA Input deck must be attached as a local file

prior to execution, while on the VAX 11/780, the data file name is
- prompted by the program. No further input or action is required
B
x5 of the user, other than saving the generated preprocessor data
;;_.".
o
R
L
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3.2 IMPRINT - IMPRESS PREPROCESSOR INTERFACE

IMPRESS is the main preprocessing program of a finite element
data generation system consisting of three distinct programs
(IMPRESS, INTRPOS, and IMPACT), all of which are described in
Reference [3]. The modelling features available in IMPRESS
include a flexible area-outlining approach to geometry definition,
and the automatic calculation of intersection curves for planar,
cylindrical and spherical shapes. Both two- and three-dimensional
geometric models may be prepared with the program.

Finite element data originally generated using IMPRESS can be
converted for use with the present preprocessor by means of the
IMPRINT translator. IMPRINT is a collection of conversion
routines which can be used as the output overlay of the IMPRESS
data base access program INTRPOS. The IMPRINT overlay is merged
with INTRPOS using the control statement sequence described in
Appendix I of Reference [3]. When INTRPOS is executed, the data

conversion procedure is invoked by entering
PREPARE RAW

Upon completion of the data conversion, the END directive can be
used to exit INTRPOS. The converted finite element data is
written to the local data file TAPE9, which should be saved
following execution of the program.
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Table 3.1 summarizes the IMPRESS data types, and indicates
those which are supported by the IMPRINT utility.

TABLZ 3.1 - IMPRESS

Data Types

IMPRESS Data Type

- Nodal Coordinates

- Skewed Coordinate Systems
- Boundary Conditions

-~ Master / Slave Constraints
- Prescribed Displacements

-~ Element Connectivity

~ Element Property Codes

- Eeam Section Properties

- Concentrated Springs / Masses

- Nodal Concentrated Forces
- Multiple Loading Sets

Supported by IMPRINT

YES
NO
YES
NO
~ NO
YES
YES
NO
NO
YES
YES

3.4
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3.3 GENERAL-PURPOSE INTERFACE ROUTINES

A collection of general-purpose translation routines has been
developed to facilitate the conversion of foreign data formats to
the standard internal format of the present preprocessor. To use
these interface routines, the user must write a small driver
program which reads the data to be converted, and sends it to the
translation subroutines for consistency checking and output.
Seven utility routines are available:

1. INICNV -~ Initialization routine

2. NODCNV - Nodal data conversion

3. ELECNV - Element data conversian

4. BCDCNV - Bourdary condition data conversion

5. NLDCNV - Nodal loads data conversion

6. ELDCNV - Element distributed loads data conversion

7. TRMCNV - Termination routine.
These interface routines are described in detail in Tables 3.2
through 3.8.

It is important to note that logical unit 50 must be reserved
for output by the interface routines, and should not be modified
by the calling program. On CDC machines, the file TAPES@ must be
declared on the PROGRAM card, with a minimum buffer length of 512
words. For the VAX version of the conversion routines, the output
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TABLE 3.2

PURPOSE - Define the number of data entries to be made in the

Fl INICNV - Initialization Subroutine
]
b

o PARAMETERS -

NUMNP
NUMEL
NUMBC

NUMNL
NUMEF

NOTES = -~ (1)

(2)
(3)

(4)

(5)

file, and initialize internal parameter values.

!l ACCESS - CALL INICNV (NUMNP,NUMEL,NUMBC,NUMNL,NUMEF)

(input) - Number of nodal points in the model
(input) - Number of finite elements
(input) - Number of boundary condition

specifications -
(input) - Number of nodal loads specifications

-(input) - Number of element loads specifications

This subroutine must be called before any of the
other data translation routines are called.

Nodal points must be numbered from 1 through NUMNP.
Each boundary condition specification may consist of
a range of nodes (first, last, increment) all having
the same constraints applied.

Each nodal load specification may consist of a range
of nodes (first, last, increment) and three
components of force (X, Y, Z) which apply to all
nodes in the sequence.

Each element load specification may consist of a
range of elements (first, last, increment) and a
loading type and value which apply to all elements
in the range.
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TABLE 3.3

NODCNV - Nodal Coordinate Conversion Subroutine

PURPOSE - Process coordinate data for a single node point of the
model.

1
¢
-
L

ACCESS - CALL NODCNV (NODE,X,Y,Z)
PARAMETERS - . - -

NODE (input) - Node point sequence number

. X (input) - Cartesian X-Coordinate
!i‘\ Y (input) - Cartesian Y-Coordinate
oo A (input) - Cartesian Z-Coordinate

5 NOTES - (1) Node points must be transmitted to NODCNV sequen-

’ tially, with all node numbers between 1 and NUMNP.

(2) Node coordinates must be defined prior to defining
elements, boundary conditions or loading data.

3.7
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TABLE 3.4

ELECNV - Element Data Conversion Subroutine

PURPOSE -~ Processes a single finite element of the model.

ACCESS - CALL ELECNV (IELNUM,MATLNO,IDIMEN,MAXNOD,NCON)

PARAMETERS -~

IELNUM (input)
MATLNO (input)
IDIMEN (input)
MAXNOD (input)

- Element number (arbitrary)
Material number (optional)
- Dimensionality of the element (1,2,3)
- 'Maximum local node number

NCON (input) - List of connected nodes
NOTES - (1) If the material number is to be ignored, set MATLNO=@.
(2) MAXNOD should lie within the following ranges:
MAXNOD = 2 - One-dimensional elements;
MAXNOD = 4 - 9 - Two-dimensional elements; and
MAXNOD = 8 - 27 - Three-dimensional elements.

(3) The length of the connection array NCON is determined

by MAXNOD.

If variable-number—-of-nodes elements are

used, intermediate entries for which no node exists
must be entered as zeroes.

(4) The conventions for node numbering in all element
types are shown in Figures 2.1 and 2.2.
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TABLE 3.5

BCDCNV - Boundary Condition Conversion Subroutine

PURPOSE - Processes a single boundary condition specification.
ACCESS -~ CALL BCDCNV (ISTART,IEND,INCR,IX,1Y,IZ)
PARAMETERS -~

ISTART [(input) - First node in the sequence

IEND (input) - Last node in the sequence

INCR (input) - Node number increment

IX (inpuct) - X-Direction constraint code (@,1)
Iy (input) - Y-Direction constraint code (9,1)
12 (input) - Z-Direction constraint code (4,1)

Z
Q
-3
tn
()]
|

(1) The specified constraints will te applied at nodes
ISTART, (ISTART+INCR), (ISTART+2*INCR), ... , IEND.
If a single node is to be constrained, IEND and INCR
may be set to zero; however, they must appear in the
calling statement.

(2) 1X, 1Y, and IZ are defined as zero if motion is
permitted in the X, Y, or Z directions, respectively.
Constraints are specified by IX, 1Y, or IZ = 1 as
appropriate.
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i TABLE 3.6

-
N NLDCNV - Nodal Loads Conversion Subroutine
h. PURPOSE - Processes a single nodal lcading specification.

- ACCESS - CALL NLDCNV (ISTART,IEND,INCR,FX,FY,FZ,ICASE)

PARAMETERS -~

!S ISTART (input) - First node number in sequence
é; IEND (input) - Last node number in sequence
<% INCR (input) - Node number increment

Q8 FX (input) - X-Direction force component

FY (input) -~ Y-Direction force component
F2 (input) - Z-Direction force component
ICASE (input) - Load case or group number

NOTES

- (1) The range of nodes

defined exectly as
when only a single
INCR may be set to
(2)

number.

Any integer value may be ured for the load case

to receive the specified load is
in the boundary condition data;
node is to be loaded, IEND and
zero.
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TABLE 3.7

ELDCNV - Element Loads Conversion Subroutine

PURPOSE - Processes a single distributed element load specifi-
cation.

ACCESS - CALL ELDCNV (ISTART,IEND,INCR,ITYPE, ICASE, FORCE)

PARAMETERS -

ISTART (input) - First element number in sequence

IEND (input) - Last element number in sequence

INCR (input) - Element number increment

ITYPE (input) - Loading type/ direction/ surface code
ICASE (inpu%) - Load case or group number

FORCE (input) - Loading magnitude

(1) Element ranges are defined similarly to the nodal
ranges for boundary conditions and nodal loads. 1If
a single element is to be locaded, IEND and INCR may
be set to zero, but they must appear in the calling
statement. ' '
(2) ITYPE is defined as follows:
ITYPE = -1, -2, -3 signifies a body force (force
per unit volume) in the X, Y, or 2
direction, respectively.
1, 2, . 6 denotes a surface pressure
on element faces 1, 2, 6, respectively,
for three-dimensional elements (IDIMEN=3).
1, 2, 3, 4 represents a line load (force
per unit length) on the corresponding edge
of a two-dimensional element (IDIMEN=2).

ITYPE

o o 0o,

ITYPE

3.11
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TABLE 3.8

TRMCNV - Termination Subroutine

PURPOSE -~ Checks for incomplete blocks of data, and closes the
generated data file.

ACCESS -~ CALL TRMCNV
PARAMETERS ~ (none)

NOTES - (1) In the CDC version of the termination routine, the
output data file is rewound, but not returned.

3.12
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file generation is user-transparent, with the converted data being
written automatically to the file UNFMT.DAT. A labelled COMMON
block (COMMON /DATCNV/) is also used in the interface subroutines,
and should not be modified by the user.

3.13
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a g—— SECTION 4

MODEL VERIFICATION AND MODIFICATION

N
f Capabilities for developing a completed finite element model
gi from an initial geometric description are contained in the central
. program, PREP. Typical operations performed within PREP are mesh
: refinement, assignment of properties, constraints and loads, and
geometry plotting. 1In the following subsections, each modelling
operation available in the PREP preprocessor is described, and
typical sequences of operations are described which make the most
effective use of the program's capabilities.

‘!!t The general mode of operation of the PREP module involves the

o use of model data files, with up to 13 files being active at any
one time. Each file may be named for later reference. The
typical PREP operation then consists of the sequence

INPUT MODEL =-=-> (OPERATION) =---> OUTPUT MODEL
FILE(S) FILE(S)

For example, the user may wish to refine the finite element mesh
in a certain area of a model., Upon entering the command 'REFINE',
he is requested to enter the name of an existing model whose
element mesh is to be refined. PREP then requests additional

b
s )

.
].,'_._ WLl

. input to define those elements to be subdivided and the degree

ﬁi of refinement, and generates a new model file (which is assigned
2 a new name) with the requested element refinement.

- |

;! The input/output files for the PREP preprocessor are described

e bt

i;d? in Section 6.1 and in Appendix A. PREP is organized such that

]
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data files may be manipulated in the program, saved on peripheral
storage, and reentered into PREP at a later time. This capability
permits the generation of a model to be accomplished in several
sessions if necessary, and allows separate segments of the finite
element model to be prepared separately and combined when
complete.

The various modelling functions available in PREP are
described in Subsections 4.1 through 4.7; those utilities which
are useful in managing data files within the program are also
discussed in Subsection 4.1. Subsection 4.8 outlines some
suggested sequences of PREP operations which have proved to be
most effective in practice. Subsection 4.8 also contains an
alphabetized listing of all PREP commands for quick reference.

4.2
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4.1 MONDIFICATION / RFEFINEMCNT OF MODEL GEOMLTRY

O PREP operations vhich are provided for manipulation of the

qgeonetry of a finite element model are:

- CRFEATE - build model from 'scratch' by user input;
- LDIT - alter coordinates and connectivity;

- FILL - aenerate nidside and interior node points;

ﬁi - MASK - renove nidside and interior node points;

- MERGT ~ combine tuvo models vith compatible neometries;

- REFINE - subdivide f{inite elemnents to form a finer mesh;

m - REFLECT - form the mirror inage of a model about a plane;
s - ROTATL - rotate an entire model in three dimensions; and

- TRANSLATE - translate a model in three dimensions.

The CRLCATE and IDIT commands permit input, modification or dele-
tion of individual items of nodelinqg data. The remaining commands

are qeometric operations, which alter either the coordinate data

or the element connection data for the entire model in question.
The effect of each of these commands, as well as the available
options for data input, are sumnmarized in Tahles 4.1 throuah 4.7,
An example of each operation is given in the accompanyinqg Fiaures
(4.1 throuah 4.4).

It is qenerally advisable to perform FILL and/or MASK opera=-
tions at the beginninag of a modellinqg session, particularly in
cases vhere an irreqular number of nodes has been used in the
initial generation of a model., An example in which REFINE has
been used prior to FILL with such an irreaular mesh, is shoun in
Fiqure 4.5; here the initial aqeometry has bheen defined usinq
elements with only one midside node, and the effect of the RFFI'IN
operation is disastrous. The remainina functions (MCRCE, REFINF,
REFLECT, ROTATE and TRANSLATE) can normally be invoked in any

order as circunstances dictate,

* 4.3
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TABLE 4.1 - The FILL Command

~

Command

Effect

Options

Notes

: FILL

: Generates midside and/or interior nodes to
create higher-order finite elements.

Number of Input Files : 1

Number of Output Files: 1

: (1) All 3-D elements FILLed to 16, 20, 26 or 27 nodes
(2) All 2-D elements FILLed to 8 or 9 nodes

Related commands / options : MASK is an 'inverse' operation to FILL.

: This function does not preserve boundary condition and
loading data.
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u m Notes  :
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h TABLE 4.2 - The MASK Command
. -
| Command ¢ MASK
Effect : Removes midside and / or interior nodes from elements.
Number of Input Fileé : 1
Number of Output Files : 1
. Options : (1) All 3-D elements MASKed to 8, 16, 20, 26 or 27 nodes
’ (2) All 2-D elements MASKed to"4, 8 or 9 nodes
;L Related commands / options : FILL is an 'inverse' function to MASK.

(1) FILL does not preserve constraint or loading data.
(2) care should be taken in using MASK with curved
elements, since straight-sided elements will result

in many cases.

4.5
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TABLE 4.3 - The MERGE.Command |

Command :+ MERGe |

Effect : Combines two models to form a single (output) model, with
coincident nodes equivalenced and resegquenced.

Number of Input Files 2

Number of Output Files

1

Options : (None)
Related commands / options : The TOLErance command can be used to
: modify the distance tolerance used in
detecting coincident nodes.

LI,
AR

Notes ¢ MERGE does not preserve constraint or loading data.
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TABLE 4.4 - The REFINE Command

. Command ¢ REFIne

" Effect : Subdivides selected elements of a model to produce a
finer mesh for analysis.

Number of Input Files : 1
Number of Output Files : 1

Options : (1) Up to 150 elements may be refined at one time.
The selection options include
- random element numbers
- ranges of elements (first, last, increment).
(2) Elements must be refined in one direction at a
. time. The refinement direction follows the
natural coordinate directions of an element
(see Figure 4.3). The PLOT option ORIENT should
be used to determine the proper direction for
element re . inement.

(3) From one to five 'cuts' may be made through each
element specified, resulting in from two to six
elements as output. The default option is equal
spacing of these cuts; by overriding the default,
cuts may be spaced at irregular intervals across
the elements.

Related commands / options : The PLOT utility can be used to
: identify the correct element numbers for input to
REFINE (select the LABEL option), as well as the
correct local directions (use the ORIENT option).

Notes : REFINE does not preserve boundary condition or loading data.

2
‘b' .
-
b
2
s
N .
N
g |
=
5
v ::




pab g s i e RS

TABLE 4.5 ~ The REFLECT Command

Command REFLect

Effect

Forms the mirror image of a model with respect to a
specified plane in three-dimensional space.

Number of Input Files 1
Number of Output Files : 1
Options : The plane of reflection may be defined in two ways:

- Give the coefficients of Ax + By + Cz = D; for

example, the plane x = 5 has A =1, B g, C =290,
D = 5.

~ Define three non-collinear points which lie in the
plane.

Related commands / options : REFLECT is often used in conjunction
with MERGE to create a full model
from a symmetric one.

Notes : (None)
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TABLE 4.6 - The ROTATE Command

Command : ROTAte

Effect : Performs a sequence of three rotations of a model in
space.

Number of Input Files : 1

Number of Output Files : 1

Options : (None) ~
Related commands / options : MERGE may be used following ROTATE
to generate a full model from one for which a single
sector (e.g., in polar coordinates) has been defined.

Notes : Model rotations are always specified in degrees, and
are always performed in the order: X-rotation, then
Y-rotation, then Z-rotation.

4.9




TABLE 4.7 - The TRANSLATE Command
|
Command : TRANslate
Effect : Performs a rigid-body translation of a model in space.
Number of Input Files : 1
Number of Output Files : 1
Options : (None)
Related commands / options : MERGE is useful in conjunction with
the TRANSLATE function when the geometry to be
generated is periodic. )
- ’”
Notes : (None) 2

-

. r

-

el
e
- v
.~_'
-
-,
o
-
» ¢
..

SRR P T




TRTATEIR
'-,-‘.ID.’

Fadi o o -
S

t;

I ¢4 SYDALEITH

FILL
MASK

Figure 4.1. FILL and MASK Operations.

4.11

- [ T T St e e, e e e e .
At et atatalal atatiata At ta.al s e ai Sa - e maal®a 3 et omn




AR PAL AR P < SALROESICDENE & 3 LIRS IR

Figure 4.2.

Effect of the MERGE Commandg.

-

ey




= Original .Element Boundary
- —~— Refined Element Boundaries

Figure 4.3. Effect of the REFINE Command.
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Figure 4 5., Effc:t of the REFINE operation prior to FILL.
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In addition to the above qgeometric modelling functions, two
important auxiliary operations are included in PRTP to ensure the
correct qeneration of finite element data., They are

- SIFT - renove unused nodes from the model, and
- TIDY - combine all coincident nodes into single node points

with a unigue node number,

For nodels generated usina the present vpreprocessor, these two
utilities should he transparent: SIFT is called automatically
folloving anvy !IASK operation, and TINY is performed vhenever the
FILL, MERGE, or REFINLC commands are executed, Illowvever, qgeometric
data from othe:r sources mav contain unused and / or duplicate
nodes, in vhich case SIFT and TIDY may be executed as separate
operations. TwoO options are available in the TIDY operation:
0OPT1 will generate correct results for any situation, bhut always
requires nore execution time; G272 uses a qeometric partitioning
of the model to reduce the complexity (and execution time) of the
operation, hut may fail in some instances due to storaqe linita-
tions. If the faster TIDY ontion fails, the OPT1 version is in-
voked and the user is informed of the situation,

It should be noted that any qeometric model may be listed
and / or plotted at any time during the session using the PRIV
and PLOT comnands (Subsections 4.6 and 4.7). The PLOT onti~
warticularly vseful hefnre a RPFINT oneration, to Ldentife <o
leocal flirections (R,S,7T) wvithin an element which are needed as
data for RICFI'M (see the ORILNT command, Subsection 4,6),

Additional auxiliary operations vhich are useful in manaanina
nodel data files durina RICFIMTment, MPERCing and other onerations
include

- COPY -~ creates a copy of a nmodel file, under a different nane;
- NDRINTE - deletes the name of a model from the active list;

PN U L G G Sy
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- "LILP = nives a sumnary of all available commands, and further
information on selected commands if reauested:

- MM - assians a user-defined name to a model file:

- LIST - lists the names of all active nodel files;

- TIML - prints the CPU) time elapsed since sign-on; and

- TOLLCRANCE - allows redefinition of the tolerances used in

detecting coincident nodes in FILL, “LRCE and RrrIvr,

The NELP and LIST comnands are particularly useful as reminders of
orerations wvhich are available and of model files alreadv created

during the session,

Features are provided in PRFP to allow the creation of nodels
from 'scratch'. The CREATFE command provides a means for innut of
nodal coordinates and element connectivitv to define a model, The
nmodel nust he composed of 3-D solid elements containing at least
£ nodes per element., The ENIT feature allows the user to alter
nodal coordinates or connectivity for any model in PRTIP, These
conmands are fullv interactive and reauire all data to he entered
in 3-D coordinates.

4.17
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4.2 ELEMENT PROPERTIES SELECTION

Three facilities exist in PREP for the specification of finite

element properties:

- PROPerty - define element types, material codes and
numerical integration orders;

- SHELL ~ identify selected elements as thin shells; and

- CONTact -~ create surface contact elements from certain

sur faces 0of existing three-dimensional elements.

The PROPERTY directive is the usual means of defining the
pertinent property information for existing elements of the model,
Elements may be assigned properties in groups (all 2-D or all 3-D
elements, random lists of elements, or element ranges), with a

single set of property specifications applying to all elements

in the group. Elements may be defined as being:

Type 0 : Default (solid, plane stress, beam, or bar),
= Type 1 : Thin shells,
i. Type 2 : Plane stress (membrane) elements,
: Type 3 : Plane strain elements,
Type 4 : Axisymmetric solids,
L Type 5 : Shear panels, or
ﬂ! Type 6 : Surface contact elements.

g: If no type is declared for an element, or if the number of nodes
L] is inappropriate for the type assigned, the default element type
s for the existing nodal pattern will be assigned in the REFMT

F' module (see Subsection 5.1). Integration orders are treated
similarly, and generally the default values assigned in REFMT
are acceptable,
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Material property codes may be assigned within the PROPerty
utility, using material codes appearing in the material properties
library described in Appendix F. Materials data can also be
assigned within the REFMT processor, and existing material
coefficients may be edited as well (see Subsection 5.1).

The SHELL command performs a similar function to PROPERTY.
Selected elements may be redefined as being thin shells or three
dimensional solids, without specifying integration orders and

material property codes.

The function of CONTact is complementary to that of PROPERTY:
while the PROPERTY command allows existing elements to be defined
as special elements to be used in surface contact analysis (see
Reference (4] ), CONTACT provides a means of creating new elements
which are immediately declared to be surface contact elements.
The new contact elements are created from specified faces of
existing three~dimensional solids.

One other function of the CONTACT command is to create
elements which lie on the faces of three-dimensional solids,
whose properties are subsequently redefined using the PROPERTY
command. This device can be useful when thin coatings (e.g.,
protective or damping layers) are to be applied over the surface
of shell or solid elements, with the coating layer(s) to be
treated as membrane (plane stress) finite elements.
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1.3 BOIMIPARY CONDITIONS AND CCHSTRAINTS

Modal constraints may be applied to a finite element model in
PRTP usina the ROWIDS and LIMNEAR commands. Althouagh boundary con-
ditions nav be defined at any time durina the construction of a
nodel, it is advisable to complete most of the aeonetric nodelina
onerations, including node reorderinn, before the constraints are

specified (see Subsection 4.3 for typical sequences of operations).

t;7ith the ROUNDS operaticn, honogeneous nodal constraints (i.e.,
displacement = 0) nav be specified for aroups 0of nodes selected hv
one of the followina methods:

select all nodes;

select all nodes on a plane defined by Ax + 0y + Cz = I'; or

- gelect all nodes in a aiven ranqge (first, last, increment).

fach constraint definition heains with the selection of one of the
above ootions (or selection of "no more bhoundarv conditions").

PREP then permits all of the selected points toc be fixed in anv

conbination of the X, Y and Z directions. This cycle (select nodes,

define constraint direction) continues until the selection option
"no nmore boundary conditions" is specified. BOUNDS may be used as

many times as required to define all simple houndary conditions for
the mnodel,

The LINEAR function allous the specification of simple forms

of linear constraints at individual nodes. This form of constraint

is required when the displacement at a node is constrained in a

4.20
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direction which does not coincide with the alenbal X, ¥, 2 axis dir=-
ections, Linear constraints are defined for one node at a time;
first a node number is selected, and then the direction of constraint
is defined., The direction of constraint is alvays defined hy aivina
the oplane in which notion is permitted at the node (i.e., the con-
straint is applied in the direction normal to this plane). ™he
plane in which motion occurs can be defined either hy qiving the
equation of the plane (in the form Ax + Bv + Cz = D), or bv listine
the coordinates of three points lying in the plane. As with rounrs,
the LINEAR operation may be performed anv number of times to define
the required constraints.,

4.4 APPLIED LOADING

Applied loadings of two types may be defined in PREP:

= concentrated nodal forces; and

- distributed element loads, including body forces, surface
pressures and edge loads.

Applied loads input is initiated using the LOADS command, which
may be given as many times as necessary in the construction of
a model. Five basic options are available in the LOADS function.
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They are:

h - (N)odal loads input;

i - (E)lement loads input;

- (L)ist currently defined loads data;

.l - (H)elp (print a list of available options); and
- (S)top loading data input.
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These options may be executed in any order within the LOADS
function,

S

When the nodal loads option (N) is selected, PREP will accept
data defining concentrated forces acting at existing node points
of the model. The specification of nodal loads includes the set
of nodes at which the load is to act, a loading case number, and
the three components of force (X, ¥, 2Z) which act at the nodes
selected. Several options exist for specifying the node numbers
at which the force acts, including:

- a single node;
- a range of nodes (first, last, increment); and
- all nodes on a plane defined by Ax + By + Cz = D.

The vector force (Fx, Fy, Fz) input is assumed to act at each node
selected by one of the above methods. It should also be noted
that the 'load case' number, a term usually associated with

linear finite element analysis, can be used to distinguish sets

of loads which act non-proportionally in a nonlinear solution

( see REFMT, Subsection 5,1).
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Element loads may be specified for a single element at a time,
a range of elements (defined by first and last element numbers and

an element number increment), or all elements in the model. For
each series of elements selected, a single load specificafion can
be defined by a loading case number, a loading type, and a load
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.= Lfi{ magnitude. Loading types are defined as follows:

- =1, -2, -3

denotes a body force (force per unit volume),
acting in the global X, ¥, Z directions,
respectively;

- 1’2'3’4'5’6

..

for 3-D elements, signifies a distributed
sur face pressure acting on the surface

- 1,2,3,4 : for 2-D elements, describes an edge force
(force per unit length) on edges 1, 2, 3 or
4, respectively; and

- 1,2,3,4 : for axisymmetric elements, defines a surface

pressure on edge 1, 2, 3 or 4 of the element.

Sur face numbers ( for pressure loading on 3-D elements) and edge
numbers (for line loads or axisymmetric pressures) are shown in
Figures 4.6 and 4.7. The correct surface or edge number can be
identified by recalling the numbering sequence ( -R, =S, =T, +R,
+S, +T for 3-D, and -R, -S, +R, +S for 2-D ), and using the PLOT
option ORIENT (see Subsection 4.6) to display the local coordinate
directions for the elements in question.

4.5 NODE POINT REORDERING

Finite element models generated using interactive modelling
techniques are typically completed with most of the nodal and
element data being numbered in an almost random fashion. For
efficiency in the actual finite element solution, reordering of
either node points or elements is usually advisable, since the
number of operations performed in the solution, as well as the
storage requirements, can be affected to a significant degree,.
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An example of the effect of reordering a small finite element
mesh upon the storage requirement for solution is depicted in
Figure 4.8.

Node point reordering is performed in PREP using the RENUMBER
command, which requires no input from the user other than an input
file label. The RENUMBER option performs a renumbering of the
nodes which is not optimum, but which is usually sufficient to
reduce storage and solution time requirements to a very reasonable
level. 1In particular, the renumbering scheme is generally quite
effective when the equation solver to be used employs a variable
bandwidth (profile, or envelope) storage mode {4].

RENUMBER displays the initial and final 'nodal bandwidths' as
a measure of how effective the node reordering has been. The
nodal bandwidth is the maximum bandwidth of a system of equations,
based on the mesh in question, having a single degree of freedom
per node; the actual maximum bandwidth for the model is the nodal
bandwidth multiplied by the number of freedoms per node (usually
2, 3 or 6).

The RENUMBER utility is quite fast in execution, and can be
executed more than once to attempt further reduction in the system
bandwidth. Two passes through RENUMBER are recommended, to verify
that the model bandwidth has been reduced as much as possible.

4.6 PLOTTING UTILITIES

Geometry plotting may be performed in PREP at any time by
entering the PLOT command. PREP requests the name of an active
data file to be plotted, and enters the plot command mode
(identified by the prompt symbol "*"),

4.26
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In the PLOT mode, plotting commands may be entered to control 154

the appearance of plots to be made. For example, the EYE command —
sets up a viewer position for use in plottiag, but the plot is not
actually drawn until a DRAW command is issued. Most of the PLOT
mode commands control one or more plotting parameters, which may
be set and reset as often as desired. These parameter-related
commands include:
- AXES : control plotting of X, Y, Z axis lines
- CLIP : define a "clipping plane" which limits drawn lines
to a specified minimum distance from the viewer
- CUBE : define minimum and maximum plotting coordinates
- DEFAULT : restore all plotting parameters to default values
- ELEMENT : select a range of elements to be plotted
- EYE : define the viewer eye position
- LABEL : select node and/or element numbering
- ORIENT : control plotting of local element orientations -
needed in REFINE and LOADS operations .i
- PROJECT : select orthogonal or perspective projection
- REFLECT : select reflection of geometry about a certain
plane
- ROTATE : define rotations (for plotting purposes on.y)
- SCALE : scale or unscale plot
- SHRINK : select exploded view to be plotted

- TRANSLATE: define translations (for plotting only)
- VERTICAL
- ZOOM

select a vertical axis direction

(1]

select an area of the screen for close-up views

Sufficient default values are set upon entry to PLOT that the
model may be drawn without setting any of the above parameters,
and often this is a useful procedure for "getting oriented" with
a new model. Once any of the above parameters has been set,
however, the new plotting parameters will remain active even
when PLOT is terminated and reentered; this measure eliminates

the need for entering the same sequence of commands every time
PLOT is executed.
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The remaining commands available in the PLOT module are
control functions, namely:

- BOUNDS : Plot symbols indicated boundary conditions at node
- DRAW : Plot the model using all current parameter values
‘ - HELP : Print a list of available commands and options
i . - MAIN : Return control to PREP following plotting
: - SITE : Redefine center of plotting region
5 - SUMMARY : Print a summary of all plotting parameter values
; - TIME : Print the CPU time used since sign-on
1
2 All of the control functions request some form of immediate action,
with no further input required from the user.
5 . Most of the plotting options described above are demonstrated

in the modelling examples in Section 7.

4.7 DATA LISTING UTILITIES

The functions available for listing of data within PREP are of
two types. The LIST command produces a table of active model
files, with their corresponding file numbers. The PRINT utility
allows data from a specific model file to be printed at the
terminal or on a formatted file suitable for line printer output.
A typical LIST output might appear as follows:

LISTING OF DATA FILES AVAILABLE
#10 --- PANEL
#1l1 --- PANELREF

#13 --- PANEL + BEAM

Here the names ‘'PANEL', 'PANELREF', and 'PANEL + BEAM' are all
names of active data files which may be specified as input for

4.29
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any PREP operation. The corresponding file numbers (10, 11, 13)
are important only on CDC computers, where they correspond to
the local file names TAPE1l0, TAPEll and TAPEl3, respectively.
Upon leaving PREP, the model 'PANEL + BEAM' would be saved by
cataloging the local file TAPEl3 as a permanent disk file, for
example. In the VAX 11/780 version of PREP, data files may be
saved by name prior to leaving the program.
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With the PRINT command, the contents of a single model may be
listed at the terminal and/or written to a formatted file for
off-line printing. Printing of header data. nodal coordinates,
element data, boundary conditions, and nodal or element loads
may each be selected as needed. For the nodal and element data,
which can become quite lengthy, ranges of nodes or elements may
be specified for printing.

4.8 TYPICAL SEQUENCES OF OPERATIONS

A complete listing of the commands and options available in

PREP appears in Table 4.8. These commands can be grouped
logically into four categories,

utility commands,
- geometric modelling functions,

boundary conditions and loads, and

property definition,

The utility commands are those which perform data management

or informative functions; generally, they may be executed at any
fﬁ time, in any sequence. The commands which fall into this
Ej category include:
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TABLE 4.8 - Alphabetized Listing of PREP Commands

COMMAND DESCRIPTION

BOUNDS Specify nodal constraints

CONTACT Create contact elements from surfaces of 3-D
solids

COoPY Make a copy of a specified model file

CREATE Begin a new model file by keyboard entry of data

DELETE Delete a model file

EDIT Make minor editing changes to an existing model

FILL Generate midside and/or interior nodes

HELP List available commands and options

LINEAR Generate linear constraint conditions at nodes

LIST List all active model files and file numbers

LOADS Define nodal forces and/or distributed element
loads

MASK Eliminate midside and/or interior nodes

MERGE Combine two model files

NAME Assign a descriptive name to a file number

PLOT Enter plotting mode

PRINT Print all or part(s) of a model data file

PROPERTY Assign element property data

REFINE Subdivide elements to create a finer mesh

REFLECT Form the mirror image of an entire model

RENUMBER Reorder node points to reduce solution time

ROTATE Rotate model geometry in space

SHELL Select certain elements to be thin shells

SIFT Eliminate unused node points

STOP Exit from PREP

TRANSLATE Translate model geometry in space

TIDY Eliminate duplicate node points

TIME Print CPU time since start of session

TOLERANCE Reset tolerance for detecting coincident nodes
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COPY NAME

DELETE PLOT —

HELP PRINT

LIST TIME

Property definiton functions, which are also relatively benign

with respect to their execution sequence, include

CONTACT

PROPERTY

SHELL
However, it may be advantageous in some applications to segregate
elements of one type or property set from those of another early
in the model generation, when fewer elements are involved.
Definition of many different sets of properties in a complicated
model presents a potential source of errors and oversights.

With the remaining two groups of commands, exp+: ience lss
shown that some sequences of commands result in very fast and
effective modelling, while others can lead to long and tedious
sessions at the terminal. It is generally recommended that the
definition of loads and boundary condition data be performed as
the LAST step in model generation, after such operations as

REFINE, RENUMBER, etc. The geometric modelling operations also
have a preferred order, which can best be described as three
'stages' of the geometric model generation. Commands associated
with these modelling stages are summarized below:

Stage 1 : FILL MASK
Stage 2 : MERGE REF INE REFLECT
ROTATE TOLERANCE TRANSLATE

4.32
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Stage 3 : RENUMBER

In Stage 1, irreqgular elements entered in CREATE, and/or
higher order elements which are to be reduced to lower-degree
nodal patterns are adjusted to contain the final number of nodes
per element which is to be used throughout the mesh. Once these
steps have been accomplished, other operations such as REFINE
and MERGE should proceed smoothly.

In Stage 2, the actual mesh division to be used for analysis
is created, by REFIning a coarse mesh, performing TRANslations
and ROTAtions to reproduce periodic sections of the grid, and
MERGing disjoint sections of the model together. Since most of
the operations in this phase of the modelling will affect the
number and/or ordering of nodal coordinates and elements,
RENUmbering, BOUNdary conditions and LOADs are best left until
this stage is complete.

In Stage 3, the geometry of the mesh (number of nodes and
elements and their relationship to one another) is complete, and
RENUmber can be used to minimize the effects of the almost
random numbering of the finite element model.

As the final step in generating the model, boundary condi-
tions and loading data are entered in PREP. At this point, the
geometry of the model, as well as the numbering of nodes and
elements, is fixed; PLOT should be used to obtain the node and
element numbers needed for specifying boundary conditions and
loading.




SECTION 5

MODEL DATA TRANSLATION

formatted output from PREP-generated finite element models.

These are the REFMT and NEUTRAL utilities, which are described
in Subsections 5.1 and 5.2, respectively.

LS
{, The preprocessor contains two facilities for producing
(|

REFMT provides output in a format compatible with the MAGNA
nonlinear finite element program [4]. Additional data required
by MAGNA which is not prepared in PREP can also be generated in
REFMT interaétively. In most instances, the REFMT-generated
data deck is ready for submission directly to MAGNA for analysis.

When special options or minor data changes are necessary, the
formatted data file can be modified 'by hand' using the resident
computer's editing facilities.
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The NEUTRAL utility translates the PREP-format data file into
a formatted form which is listable on the line printer and may be

 SOC
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transferred between computer systems with a minimum of difficulty.
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NEUTRAL also performs the inverse translation function (back to

.

= PREP internal format) needed to re-introduce the finite element
ﬂi data into the preprocessor on another computer. -
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5.1 REFMT - MAGNA Data Translation

The REFMT translator accepts as input the PREP internal format
data file, and generates a formatted data deck suitable for use
with the finite element analysis program MAGNA [4]. All of the
finite element types, and most of the special options, available
in MAGNA are supported by REFMT.

In addition to reformatting the preprocessor-generated data,
REFMT requests information from the analyst to complete the
solution data needed in MAGNA. This additional information
includes:

- the type of solucion (linear or nonlinear, static or dynamic),
- information concerning restart files for nonlinear analysis,
- postprocessing file options, and

- nonlinear solution strategy (iteration method, etc.).

The data required for multiple loading conditions, contact
anelysis and other options is generated automatically from the
preprocessor data.

Additional editing of the model data is possible in REFMT for
material properties and loading data. Material properties may be
selected from a library of stored properties (see Appendix F), or
entered directly at tﬁe keyboard. When the element properties are
complete for all elements in the model, materials data is listed
and can be modified selectively as the need arises.
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Applied loéding data may take on different meanings in linear
! - and nonlinear analysis, and for transient dynamic and nonlinear
jf ' solutions, the time history of the loading must also be specified.
:f ) REFMT allows a moderate amount of editing of the loading data to
suit the type of analysis to be performed. The options include:

- options to combine multiple load cases, or analyze separately:

- generation of time-history curves for use in nonlinear and/or

Lt ales e r—-vzy I AR
a4 o s Y . o ta

dynamic analysis (several built-in curves may be selected and
scaled as needed); and

- specification of non-proportional loading sets in nonlinear

and transient analysis, with each set scaled independently.

Most of the options available within REFMT are demonstrated in
the sample preprocessing sessions included in Section 7. It should
also be noted that the MAGNA data deck (whether output from REFMT,
or hand-generated) may be translated back into the preprocessor
file formats using the TRNSFR utility described in Subsection 3.1.

5.2 NEUTRAL - Neutral File Translation Program
The NEUTRAL utility performs two data translation functions:

- preprocessor internal format to neutral data file, and

- neutral data file to preprocessor internal format.

These two functions are inverses of one another, with all
preprocessor data types supported.
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The two data files (internal format and neutral format) are
described in Subsections 6.1 and 6.2, respectively. The neutral
file format exists solely for the purpose of storing the prepro-
cessor data in a readable form which is easily transferred
between computer systems. Thus, finite element data prepared
using PREP on one system may be translated to the neutral format
using NEUTRAL, transmitted to a completely different machine
type, returned to the internal format using NEUTRAL, and used
within PREP on the second machine. The translation to neutral
format is also useful for archiving of data, either on punched
cards or in text library format (using the LIBRARY utility on
VAX 11/788, or UPDATE on CDC machines).

Execution of NEUTRAL requires only the declaration of the
files involvéd, and the selection of the type of translation to
be performgd. On CDC machines, the internal-format data file is
local file UNFMT, and the formatted (neutral) file is the local
file FMTDAT. With the VAX version of NEUTRAL, the necessary

file names are requested as input at the beginning of execution.
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SECTION 6

MODEL DATA FILES

Optimal data handling of information associated with model
geometry and finite element analysis is highly dependent on how
that data is accessed and stored. The preprocessing system
utilizes several types and formats for data files to take
advantage of specific features offered by each. Data that is
transferred between the various preprocessing modules in the
stages of model development, modification, anc assignment of
analysis parameters is stored in an internal, unformatted data
file. This binary data file is only readable by programs that
are properly equipped to read the particular file in question.
Two different data files are employed in the internal, unformatted
data type; one for the output data generated by CORGEN, SPATCH,
or AGRID, and a second data type generated by PREP, IJKGEN,
CREATE, or NEUTRAL. The second type of data file used in the
preprocessor system is the external, formatted data file. This
data file type is used for transferring model data between
preprocessing programs, and for archival of data in a readable
form. The external, formatted data file is a character
text file and may therefore be read without any need

6.1
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for special programs. General descriptions of the form and
purpose of each of these data file types are given in the 7
remainder of this Section. Detailed descriptions of the file

formats for each type are presented in Appendix A.

6.1 Preprocessor Internal Data Structure

The preprocessing system defines two functionally similar
data structures for storing model geometry data. Execution of
any of the data entry and interface programs discussed in
Sections 2 and 3 results in the creation of either a two-
dimensional surface model geometry file (see CORGEN, AGRID, and
SPATCH) or a three-dimensional solid model geometry file (see
CREATE, IJKGEN, NEUTRAL, TRNSFR, and IMPRINT). The surface
model geometry file is an intermediate model file designed to
be input to the EXPAND module to convert the nine node surface
element model to a twenty-seven node solid element model. The 7
shell surface file and the standard (PREP-format) 3-D geometry
file are the subjects of Paragraphs 6.1.1 and 6.1.2, respectively.

4*.—

6.1.1 Shell Surface Geometry File

Certain modelling requirements for windshield canopies and
related structures fall into a class where the structures may be
represented by 2-D quadratic surface elements located in 3-D space.
If a thickness value is associated with the surface then it

becomes a straightforward task to mathematically expand the
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surface to a 3-D soliad representatioh. The CORGEN, AGRID and
SPATCH programé generate simplified surface models which can be
readily represented by the data file described in Appendix A,
Table A.l. This data file contains coordinate data with an
associated thickness value for each node, and element connectivity
for 2-D bi-quadratic surface elements. The surface elements are
defined by nine nodes: four corner nodes, four midside nodes and

a center node. The expand module will convert the nine node
surface element model to three~dimensional solid finite elements
stored in the three dimensional model file format described

below. This 2-D file is characterized by the implicit node numbering

of coordinates and the implicit numbering of the elements.

6.1.2 Three-dimensional Model File .
The reqﬁirements of maintaining data neccessary for model
geometry as well as for numerical analysis, determine the structure
of the three-dimensional model file. Table A.2 shows the details
{ of this file structure. This model file is the workhorse of the

preprocessing system in that all models that utilize the PREP and
_l REFMT modules must be converted to this data structure. Particular
k features of this model file include the arrangement of element
loads, nodal forces and boundary conditions in such a manner that
this data need not be provided nor must file space be allocated

to provide for it later. wWhile this file type is similar to

the surface model data structure the user should be aware of the
explicit node and element numbering that is included with this

IR OO IR RN
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data structure along with the loss of the thickness data required
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for EXPAND and the addition of element codes that regulate and
affect the numerical solution options. This file is used as
input to several of the preprocessing modules as illustrated in
Figure 1.1. Once all preprocessing functions have been executed
for model definition this file is input to the REFMT module to
convert it to a reformatted character file with the correct

options for input to the appropriate analysis program.

6.2 Neutral Data File Structure

The neutral data file is an external, formatted data file
intended for use in archiving finite element data and transmitting
model data from one computer system to another. The neutral data
file is read and written only. by the NEUTRAL utility (Subsection
5.2), which performs the translation between neutral files and the

internal format of the preprocessor (Subsection 6.1).

The neutral file contains exactly the same information as the
standard preprocessor data file (see Appendix A). However, the
fact that the neutral file is a formattad (text) file has several

useful consequences:

~ data may be archived in neutral file form using the LIBRARY
functions provided by VAX/VMS, or UPDATE on CDC machines;

- alternatively, model data may be punched directly on cards
for later use; and

- transmission of data via RJE terminals can be accomplished

with a minimum of difficulty.
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The data sequeﬁce and formats for the neutral data file are listed
in Appendix A of this report.

6.3 MAGNA Input Data File

The MAGNA [4] finite element analysis program requires the
user to provide data for an analysis in a particular formatted
form. While the data stored in the internal unformatted form
is adequate for preprocessing functions, this data must be
converted to the appropriate structure for input to MAGNA. The
MAGNA input data file is created by the REFMT program in response
to user selected solution options. This file contains the
complete information concerning solution options, nodal coor-
dinates, element connectivity, boundary conditions, loading
requirements'and all associated parameters for element types,
material properties, time increments, etc. All data on this
file is formatted according to the structure outlined in detail
in Reference [4]. Due to the formatted nature of the MAGNA
data file, the user may readily edit it directly to alter any
values that may have been improperly specified in the REFMT
program. In addition, the user is encouraged to make changes
to the file directly, in the event minimal changes are necessary
for altering solution options. Reference [4] will be necessary
for the user wishing to alter data on this file.
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SECTION 7

DEMONSTRATION PROBLEMS

Several modelling examples are presented in this Section which
illustrate the capabilities of the preprocessor and the types of
procedures involved in generating a finite element model. Three
of the data entry programs (CREATE, CORGEN, and IJKGEN), which
represent the most common points of entry into the system, are
used for the creation of the original models. In the case of
CORGEN, which generates a surface model.file, the use of EXPAND
to create a fully three-dimensional model is also demonstrated.
In each examﬁle, further modelling operations are performed
within PREP, and the final data is translated into the MAGNA
input format using REFMT.

7.1 EXECUTION OF CREATE / PREP / REFMT SEQUENCE

The following example illustrates the generation of a two
dimensional finite element model using the CREATE data entry
program. The model is completed using PREP, and formatted data
for analysis with MAGNA is generated using REFMT.

7.1
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The model generated below involves a thin, flat rectangular
plate with a circular hole at the center; only one quadrant of
the structure is represented due to symmetry. Of particular ‘
interest is the technique of using only selected midside uodes ‘
for input in CREATE to capture the curvature of the boundary
along the hole. This method allows a minimum of hand-generated
input, but requires the use of FILL (or MASK) within PREP to

generate a properly connected mesh of elements.

7.1.1 Summary of Modelling Procedure

The basic geometry of the plate is defined using CREATE, as
detailed in the sample terminal session.of Section 7.1.2. Ten
node points and three 2lements are used to define the overall
geometry. Note that only the corner nodes are used, except where
curved boundaries are to be defined. It is important to observe
that, if only selected midside nodes are used, the ordering of
element connectivity may contain zeroes in positions corresponding
to unused nodal positions. This situation occurs in the first

two elements of the input mesh.

The primary operations performed in PREP are the FILL option,
in which additional node points are generated to fill out the
midside and element centroid positions, and a series of REFIne
operations which subdivide each of the three major portions of
the mesh .to obtain a final model containing 8¢ nine-node elements.
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The REFMT étep specifies a linear, static analysis. Material
i - properties, which were not defined within PREP, are also selected
from the materials library during execution of REFMT. Following
the execution of REFMT, the MAGNA input file (local file FDATA)
is saved as the permanent file PLATEP on an indirect file library.
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7.1.2

CREATE Execution

COMMND- ﬂTTﬁCH P, PREPROCESSORPROC I1D=BROCKMAN,MR=1 .

AT (Ve SN-QF
COMMAND- BEGIN, CREﬁTE P.

t!ttxtttl81387555555555555555555555'15550

SE\-XN CREATE - A ENTRY AND EDITING OF
GR1 lNITE ELEMENT MODEL DATA

tnutxnxxxxxx:x:uxuuuxnnuuxnz

DO YOU HAVE A PREVIOUSLY GENERATED DATA
FILE FROM CREATE TO RE-EDIT? (V,N)escoet N

233TXXLTTIX223~ INITIAL NODE POINT INPUT IXXXXXXXLTTRXX

IN THIS PART OF THE INPUT, COORDINATE DATA IS ENTERED AT THE
KEYDOARD FOR EACH NODE OF THE MODEL. THE DATA IS CHECKED FOR
CONSISTENCY AMD MAY BE EDITED LATER. THE MAXIMUA ALLOUABLE
NODE POINT NUMBER IS S00.

ENTER THE DIMENSIONALITY OF THE MESH TO

DE DEFINED ¢ 2 OR 3 ) cccocescrcncscncss

33333-BEGIN DIRECT NODAL POINT INPUT -
ENTER NODE MO. AND 2 MIMTES AT m NODE
( ENTER ALL ZEROES TO TERMINATE I

ENTER MODE, X, ¥ -1 0. S.
m mu. x. V - 3 1." 4.‘
m Mu. X. 4 - 3 3.55 3-55
ENTER X, Y -4 4.6 1.87
m m » x. V - 5 5. .
m Mu. X. Y - S 1.0 'c
ENTER NODE, X, ¥ -7 10. 10.
ENTER MODE, X. ¥ -8 O. 16.
ENTER NODE, X, ¥ -9 6. 20. .;1
m mc » v -‘. ‘.o 2.. * )
ENTER NODE, X, ¥ -0,0,0 B
EDIT THE NODAL POINT DATA ( ¥V , N Joucc.N
22222 LLXRATRXLR INITIAL ELEMENT IW‘[‘ ZXLXLLXXXXLLLIXX
TMIS PORTION OF THE IMPUT GIVES THE CONNECTION DATA DEFINING
FIMITE ELENENTS [N TERWNS OF THE NODES. CONNECTIVITY FOR THE
:mmg ;gu.ous THE CONVENTIONS FOR TUO AND THREE DIMENSIONAL
s csaues TYO-DIMENSIOMAL esssee sesse THREE-DIMENSIONAL =scea
NODE nzm LOCATIONS NODE POINTS  LOCATIONS
1 - CORMERS 1- 8 CORNERS
g NIDSIDES 9 - 20 NIDSIDES
9 CENTROID 21 - 26 MIDFACES
e @ CENTROID
- THE MAXIMUM ALLOVABLE ELEMENT NUMBER IS 100.
- FOR EACH ELEMENT, ENTER (1)ELEMENT NUMBER, (2)MUMBER LOCAL
. NODES (I.E.,THE LENGTH OF THE CONNECTIVITY LIST) AND (3)THE
- LIST OF CONNECTED NODES. ENTER ELEMENT<0 TO TERMINATE INPUT
L FOR 2-D ELEMENTS, THE MAX. LOCAL MODE MUMBER SHOULD BE DETUEEN 2 AND ©
t-l ENTER ELEMENT NO.-1
.. MAX. LOCAL MODE -6
y COMMECTIVITY LIST-8.1,3,7.0,2
> ENTER ELEMENT NO.-2
» MAX. LOCAL NODE -6
- COMMECTIVITY LIST-7,3.5,6,0,4
. ENTER ELEMENT W0.-3 ]
¥ LOCAL NODE -4
b { couutctxutrv L157-10,9.8,7
3 ENTER ELEMENT NO.-9 Nt
b ]
L.
D-'
. 7.4
X
'-_-.
.
| S . ]




EDIT THE ELEMENT DaTA ( v o N deseacoesa?

ELENENT EDITING OPTIONS - (L)IST (DNPUT, (DIELETE, (Exx
ENTER EDITInG OPTION (L , I, D, E )t - (EIT
ENTER RANGE OF ELERENTS 15

- I
e’ L1sten —1 3

Euny NL N2 N3 N4 M5 NG N7 NB N9 N
1 8 ¢+ 3 7 o 2
2 7 3 S ¢ o 4
3 1 9 s ?

ELEMENT EDITING OPTIONS - (L)IST, (1MUY, (DIELETE,
ENTER EDITING OPTION ( L, I, 0", ¢ yeog' ‘0 ELETE. (ExxIy

3 SUMMARY OF CURRENT MODEL PARAMETERS 2
nxcutsrmmn NODE POINT........ 10
NUMBER OF UNDEFINED NO

[ XXX [ ]

OF UNDEF
HIGDEST-WH'ER(D m DEFINED... 3
NUMDER OF UNDEFINED ELEMENTS....... °

NURBER OF REFERENCES TO UNDEFINED MODESs ¢
EDIT THE NODAL POINT DATA ¢ ¥ , N d.....N

EDIT THE ELEMENT DATA ( ¥ , N JeescccesoM

IR EL LTINS LATRLETLLTILLALLLLT
ZLTXTXIXLLITR

PREPROCESSOR DATA FILE COMPLETE
S2LTTXTIRXTTILILRRTETTILRLS

sroP
941400 MIM EXECUTION Fi.
..1“£ SECONDS EXECUTION TIME,

—LoCAL FILES—
b siryT souTPUT UNFIT
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7.1.3 PREP Execution

CO’MAND FiLES
-;;0\ '"RL FILES--

SINPUT SOUTHYT UNFMT

COMMAMND- REVIND, U #¥NT
COMMAND- COPYSBF,UNFNT, TAPE10
EOI ENCOUNTERED AFTER COPY OF FILE

RECORD 1

9,
COMMAND- RETIRN UNFNT
COMMAND~ DEGIN.PREP P.

ZXXTLXXLXTLXXTXLRLLLTXIXTITSRALILXRLILLLL
3X22X2222222%  BEGIN PREP IXITXXXXTXXLX
Z3XX MAGNA PREPROCESSING UTILITIES x3332%
SXXXXLXXTALILTRSRTLEXXTARLITXLTEXILL2LSS

PLOTTING TERMINAL ( ¥ , N ) 7;;3¥
TEXTROMI

XORMHP (T, H)? ;;7

TEXTROMIX TERMINAL TYPES ----
0, 4906-1

l. 4010 7 4012 7 4013 / 4052
2, 4014 / 4015
J, 4014 / 4015 ( ENH. GR. MOD. )

4, 4114
ENTER TERMIMAL TYPE ( @ - 4 )333
ENTER_CHARACTERS PER SECOND 3 ;120

NURBER OF INPUT DATA FILES ? 331

ENTER FILE § 1430}

ENTER LABEL 33PLATE

TYPE ‘HELP’ FOR LIST OF COMMANDS

13 PLOT

ENTER INPUT FILE 81 LABEL 33PLATE

INITIALIZATION OF PI.OTTIM ROUTIMNE ER-3ES SCREEN.

tnELP

(Y,N) 7 .oa0t

« OMMAND ZESCRIPTION
1382+ ¥9 4 SEXXLRXI AR
AaxES AXES DRAU AND LABE
BOUNDS PLOT .OWDORV CONDITIONS
cLIP CLIP PLANE POSITION
CUBE SET NINIMA AND MAXIMA
DEFAULT SET DEFAULT UaLUES
DRAY DRAY_MODEL
ELENENTS PLOTS ALL OR SELECTED ELEMENTS
[ 3 EYE POSITION
HELP LIST ALL COMMANDS
LABELS ELEMENTS AND/OR NODES
RAIN RETURNG CONTHOL TO NALN PROGRAN
ORTENT $.T ORIENTATION AXES
PROJECTION muc'ri
REFLECT A L
ROTATE ROTATE WODEL ABOUT AXES
SCALE SCALE
SHRINK SHRINK
SURRARY LIST ALL PARAMETER UALUES
TINE PRINT CPU TINE SINCE START OF SESSION
TRANSLATE TRANSLATE MODEL FRON ORIGIN
VERTICAL VERTICAL AXIS
200R Z0OM ON THE
SITE SITE POSITION
PLOT D LABEL THE AKESTCY,N) coeeevorceoseoat ¥
LABEL THE ELEMENTEPCY,N) .oovvncesencssseesssl ¥
w‘ m ", ....l.."l‘....‘.......‘ v
m “L M mm .n, '.....I..'......' v
SORTENT
PLOT ORIENTATION AXESPIY.N) ..covevecnccsccacad ¥
SO

]

EMD OF PLOT, ENTER CHMARACTER TO CONTIMUE.

READY (Y,N) ? ....3 ¥
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NAIN
1t FILL
ENTER INPUT FILE 81 LABEL 33PLATE
ENTER FILE LABEL _ s3PLATR

OUTPUT
CREATING NEU DATA FILE
FILL OPTIONS -
1. 3~D ELEMENTS ONLY
2. 2-D ELEMENTS ONLY
ENTER FILL OPTION u.a)....va
Mx‘.ngl;e POS;'"M ¢ IN FINAL ELEMENTS?
') LEXY ¥ 1

FILL COMPLETE.
PERFORN SUBSEQUENT TIDY ? (V,N) -OY

TIDY OPTION ONE OR TUO ? (OPT1, OPT2, HELP) ->0PT2

TIDY COMPLETE
€ DUPLICATE NODES DELETED

18 PLOT
ENTER INPUT FILE #1 LABEL 3aPLATE
SORAY

AT END OF ENTER CHARACTER TO CONTIMUE.

PLOT,
READY (Y,N) ? ..0e3 ¥
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"LIZTING OF DATA FILES AUAILABLE

810 --- PLATE
. 811 --- PLAT2

1t DELE
ENTER LABEL $3PLATE

13 REFINE

ENTER INPUT FILE 81 LADEL 33PLAT2
ENTER OUTPUT FILE LABEL 3 sREFINL
CREATING NEU DATA FILE

BEGIN REFINE ROUTINME...

: 1 - RANDOM ELEMENT INPUT

2 - RANGE OF ELEMENTS

3 - EXECUTE REFINERENT

ENTER OPTION ————-—roesoo>t
RAXIAUR NURNER OF ELEMENTS

a SPECIFIABLE ~==e—-=ee--=--) 158

MUMBER STILL AVAILABLE -----> 150

ENTER ELEMENT mnm AND <RETURND FOR EACH
ELEMENT TO BE REFINED. ELEMENTS NEED NOT lE

ENTERED IN asesnoxm ORDER. ELEMENT NUMBER ¢

TERH%M‘I‘ES

ENTER ELEMENY
ENTER ELEMENT & —een=a)@d
ENTER ELEMENY § —————cec====)9

- RANDOM ELEMENT INPUT &
2 - RANGE OF ELEMENTS el
EXECUTE REF INERENT .
. m b 0, Pttt ———" Y 1

ENTER CUT DIRECTION (R,S,T) >R

WIM CUTS PER ELEMENT ---) §
ENTER CUTS PER ELEMENT -——~---)5

EQUALLY SPACED CUTS ? (VY,N) DN

ENTER CUT POSITIONING IN
ASCENDING ORDER (0-100) ~->10 22 X6 S8 75

FUITTTR
PO
PRPRIPRAN

R

e Y |

REFINE COMPLETE.
PERFORN SUBSEQUENT TIDY ? (V,N) =)V

TIDY OPTION ONE OR TWO ? (OPTL, OPTR,. HELP) -)0PT2

TILY COMPLETE
11 DUPLICATE MNODES DELETED
- 11 PLOT
ENTER INPUT FILE $1 LABEL 3 sREFINS
SDRAY

AT END OF PLOT, ENTER CHARACTER TO CONTINUE.
READY (Y, N) ? ....% ¥
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t: REFINE

ENTER INPUT FILE 81 LABEL 3 sREF 1INt
ENTER OUTPUT FILE LABEL * 33REFIN2

CREATING MEU DATA FILE
BEGIN REFINE ROUTINE...

1 - RANDOM ELEMENT INPUT
2 = RANGE orégnsms

MAXIMUA NUMBER OF ELEMENTS
SPECIFIABLE ~=ewee—caeeen=)
NUMSER STILL AVAILABLE -==-=) 150

ENTER BEGINMING ELEMENT NUMBER, ENDING ELEMENT
INCREMENT FOR RANGE.
ENTER NBEG,NEND,INCR —--—-->1,13,1

a- OF ELEMENTS
3 - EXECUTE REF1
ENTER OPTION >3

ENTER CUT DIRECTION (R,S,T) >8

RAXIMUR CUTS PER ELEMENT ---> §
ENTER CUTS PER ELEMENT —-———-)4

EQUALLY SPACED CUTS ? (Y,N) DY

REF INE COMPLETE.
PERFORR SUBSEQUENT TIDY ? (V,N) =)Y

TIDY OPTION ONE OR TWO ? (OPT1, OPT2, HELP) -)>0PTE
TIDY COMPLETE -
119 DUPLICATE NODES DELETED

s PLOT
ENTER INPUT FILE 81 LADEL 3 sREFING
SORIENT
n“L “xm"tm “”‘v."’ .l......l....‘.'.' "
m m m(v."’ l.....‘...‘...l..'.o‘ v
mm m l”m"v.“’ ....'...l’....l..l.'...' "

AT END OF PLOT, ENTER CHARACTER TO CONTINUE.
READY (Y,N) ? .eo0s ¥
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R €1 BOACMONEN

LISTING OF DATA FILES AUAILABLE

$10 --- REFIN
811 --- PLAT2
812 --- REFIN2

33 DELE
ENTER LABEL 33REFINL

t3 DELE
ENTER LABEL 33PLAT2

1t REFINE

INPUT FILE 81 LABEL 3 3REFINS
ENTER OUTPUT FILE LABEL 3 sREFIN3
CREATING NEU DATA FILE

BEGIN REFINE ROUTINE...

-2

MUn S
SPECIFIABLE -———=====ece=a-) 150
MUMBER STILL AVAILABLE -----)> 150

ENTER BEGINNING ELEMENT NUNBER, ENDING ELEMENT
MUMBER, AMD INCREMENT FOR RANGE.
ENTER NBEG,MNEND, INCR -------31,5,1

23
ENTER CUT DIRECTION (R,S,T) DR

faximun CuTsS PER ELEMENT --—) §
ENTER CUTS PER ELEMENT ——-)4

EQUALLY SPACED CUTS 7 (VM) DV

REFINE COMPLETE.
PERFORM SUBSEQUENT TIDY ? (V,N) -)V

TIDY OPTION ONE OR TUO ? (OPTL, OPT2, HELP) ->0PT2
TIDVY CONPLETE
S8 DUPLICATE NODES DELETED
s PLOTY
ENTER INPUT FILE 81 LABEL 3sREFINDG
INVALID COMMAND, ENTER ’‘MELP’ FOR LIST OF COMRANDS

AT EMD OF PLOT, ENTER CHARACTER TO CONTINUE.
REAY (. 1 2 L, Y
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(A3

T2 LIsT
LISTING OF DATA FILES AVAILABLE

$10 --- REFINI
812 --- REFIN2

1t DELE
ENTER LABEL 3 3REFIN2

RENUN
ENTER INPUT FILE 81 LABEL ”REF!NS
ENTER QUTPUT FILE LADEL 3PLATE-4
CREATING NEU DATA FILE
NODE POINT REORDERING COMPLETE

NODAL BANDUIDTH (OLD) = 97
NODAL BANDUIDTH (NEW) = 97

tt DELE
ENTER 3 3REFIN3

1t LIST
LISTING OF DATA FILES AUAILABLE
811 -— PLATE-4
12 BOUNDS
ENTER INPUT FILE 81 LABEL 33PLATE-4
ENTER OUTPUT FILE LABEL 3 ,rwr;ncs
CREATING NEU DATA FILE -
BOUNDARY CONDITIONS MAY DE ENTERED FOR RANDOM 0’*‘]
NODES, RANGES OF NODES, ALL NODES ON A PLANE, 1
OR THE ENTIRE MODEL. :
FOR EACH GROUP OF NODES, coﬂsmxms
IN ANY COMBINATION OF THE X, Y
(NOTE THAT 2-D MODELS MUST B¢ Fikes N
CONSTRAINT DIRECTION CODE CONSTRUCTED AS FOLLOUS!
ENTRY 1 - ;3; FOR mx%nx: b!ﬁggg?m
3 - m ra "
ENTRY 5 - SANE FOR 2

EXMWLE -) ‘1,0,1’ FOR CONSTRAINTS IN X MD 4
DIRECTIONS BUT NOT IN V

MAY BE SET
DIREC?IONS

Cl” IID m
"nonu

-~ ENTER MODE SELECTION OPTION (1,2,...5) =———==e==)4

léil!

X g
[N

WP LD I, I D WD W, I Py W Sy A A U W DR W Y = ot a L ISP SN SRS SN R SR S S
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ENER JONST-AIM TIREC 100 CUE THRYE o LUES: -3 @
1 - RANCOM HODE~

2 - RANGE OF NCOES

3 - SPECIFIED PLANE

4 - ALL NODE

$ - EXIT

ENTER NODE SELECTION OPTION (1,2,...5) ===wecee=}3j
ENTER CONSTRAINT DIRECTION CODE (THREE VALUES) ->1 0 @

PLANE IS DEFINED BY m¢)vocz-n.
ENTER COEFFICIENTS (A , B , C , D)

24 NODES Found

>1 0009

RANGE OF NO|
SPEO!FIED FLNOE
ALL NODES
EXIT
ENTER MODE SELECTION OPTION (1,2,...5) 23
- ENTER CONSTRAINT DIRECTION CODE (THREE UALUES) ~)0 1 ¢

mtsu:nmwax + B3V + CZ =D,

NLWN-
lClll

ENTER COEFFICIENTS C A , B . &, D) 0100

14 NODES FOUND

1 - RANDOM NODES

3 - SPECIFIED orane '

PR

ENTER MODE SELECTION OPTION (1,2,...S) ’8
3 FOARDARY ConBITIONS So0eD

i1 LIST

LISTING OF DATA FILES AVAILABLE

e = e

wm 3 3PLATE=-4

18 PLOT

BER IwuT FILE 1 LaeeL 3 sPLATESSCS

UMICH aX1S IS VERTICAL?
m "u 3'“ v. u:'uz .......'..‘ ‘

SLYE

ENTER TME EYE POSITION,

):IV m. ZEYE ®0c0csv0ccsrecrsvsncnssncsseslt 0 @ 10000
SORM

AT END OF Pv.ot. ENTER CHARACTER TO CONTINUE.
READY (Y, M) ? ....8 ¥
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e ngxrtz‘u;=5llnxcnr Conne
5 R OF THE

200N AREA oF

READYPCY, M) toivvnnecannonveasasonsncnccanaatl ¥

sy 1E
.+BEL "€ ELE IEN'I'S?(?.N) teeas sesses sesvesed *
LABEL THE NOL = 7‘?, ) seeveaes etc0s00 . 0000000l 't
L"EL .LL m ’U”m’(v ") * ebeeosccvoncsceed "

SAXE
‘"PLOT AND LABEL THE AXES?P(Y,N) .ccuiervecarssct N

END OF PLOT, ENTER CHARACTER TO .
unw~(v.)'v:".xv ConTINUE
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£2000
. “"‘VOU WANT THE ZOOM FUNCTION (Y,N) 7 .ovc.ei N

t1 LIST
LISTING OF DATA FILES AVAILABLE
$10 ~-- PLATE+ICS
0AD
EN‘I’ER INPUT FILE 81 LABEL 3 sPLATE+BCS
ENTER OUTPUT FILE LABEL s sFINAL

CREATING NEU DATA FILE
I.OAD SPECIFICATION OPTIONS
NODAL LOAD ENTRY

€ © FLERENT COAD ENTRY
L - LIST EXISTING LOADS
W - PRINTS THIS LIST
S - STOP LOAD ENTRY
ENTER LOAD SPECIFICATION OPTION  --->N

Nﬁ SPECIFICATION OPTIONS
SINGLE NODE

R - RANGE OF NODES

P - ALL NODES ON A GIVEN PLANE

H - PRINTS THIS LIST

€ - EXIT NODAL LOAD SPECIFICATION SECTIONM
ENTER MODE SPECIFICATION OPTION -—=3$§
ENTER CASE MNUMBER —-—31
ENTER FORCE VECTOR (FX,FY, FZ) -==30 100 ¢
NODE MNUMBER TO BE LOADED 7 -==3386

ENTER NODE SPECIFICATION OPTION  ---)E
LEAVING NODAL LOAD SPECIFICATION SECTION
ENTER LOAD SPECIFICATION OPTION  =-=)H
LOAD ‘SPECIFICATION OPTIONS

N - MODAL LOAD ENTRY

~ ELEMENT LOAD ENTRY

L - LIST EXISTING LOADS

H - PRINTS THIS LIST

$ - STOP LOAD ENTRY
ENTER LOAD SPECIFICATION OPTION  --->$
LEWING LOAD SPECIFICATION MODULE
1 LIST
LISTING OF DATA FILES AUAILABLE

810 --- PLATE+BCS
811 --- FINAL

$1 DELE
ENTER LABEL 33PLATE+BCS

st STOP
LISTING OF DATA FILES AVAILABLE
811 -—= FImaL

$T0P

083700 MAXIMUM EXECUTION FL.

l’ 8681 CP SECONDS EXECUTION TIME.
FILE QUOTA EXCEEDED

COMMAND- m.u
==LOCAL FILES--
TAPELS

TAPEi4 2P sINeUT SOUTPUT
jr’zl':; TAPELI TAPELL TAPELS TAPELS

L R L

RETURN, TAPELS, TAPEL2, TAPELD, TAPEL4, TAPELS, TAPELS, TAPEL?
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7.1.4 REFMT Execution

CONMAND- mxm.r»:u
COMMAND- COPYBF . TAPEL 1, UNFNT
€01 m{, AFTER COPY OF FILE

1
uﬁm.'mu

m— DEGIN,REFNT,P.

SZITTXLIZTILXCIZLETZRIALXILX TR IZETELLXXREL
BEGIN REFNT -~  PMAGNA INPUT GENERATOR
EXETTTTITTXXLITLLRLZEXLTITTLZIILTAALTLIIRX

22 SURNARY OF INITIAL SCAN OF DATA FILE 33

NURBER OF NODAL POINTS ....... 388
OF ELEMENTS (TOTAL) ... 8
NUNBER OF CONSTRAINT RECORDS.. 3:
1

¢

1

OF LINEAR CONSTRAINTS..
MUNBER OF NODAL LOADS .cccovse

MAGNA MNURBER OF ELEMENTS UITH
ELEMENT TYPE ELEMENTS UNSPEC.
9 ss L

ENTER A THREE-LIME PROBLEM TITLE (UP TO 80 CHARACTERS PER LINE)

...‘.....‘.....0...3..'.....'30..l.....‘.........‘.........‘.0..‘0..07......'.‘.
LINEAR, STATIC ANALYSI
LENGTH = B9., U!D‘l’ﬂ-l‘. FOR QUADRANT m. HOLE RADGUS « 5.9
9-NODE PLANE STRESS ELEMENTS, 8§ ELEMENTS TOTAL

|

PAJOR SOLUTION OPTIONS AND PARAMETERS

i

ENTER ANALYSIS TVYPE (LINCAR, NONLINEAR ) ~LINEAR
ENTER AMALYSIS SUBTVPE (STATIC,DVNANIC)————STATIC
INCLUBE TVERMAL EFFECTS (Y/N) e—secececcccme)
FOSTPROCESOOR FILE TO IE URITTEN (Y/N) —e==ey
xmnumnuna:mam XZXTESTATLXXXEXRR

OF OPTIONS SPECIFICATIONS
22TECXTZTXLTLTF T EAXTXIRREXERARTRIRE
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INDIVIDUAL ELEMENTS IN THE MODEL CONTAINUNDEFINED PROPERTIES

ELEMENT TVPE 9
morﬂ.m'rs 8s

n.m:nerm:anemu T PROPERTY CODE FOR THIS ELEMENT TYPE,
OR ENTER MATERIALS DATA DIRECTLY BELOM.
MATERIAL PROPERTY DEFINITION OPTIONS
: -= ENTER PROPERTY DATA DIRECTLY
-~ SPECIFY A LIBRARY PROPERTY CODE
|. -= LIST SELECTED LIDRARY ENTRIES
ENTER OPTION ( E , C , L ) ~weermcceeaa]

LIBRARY BATERIAL DESCRIPTIONS CAN BE LISTED BY MATERIAL TYPE
VALID PMATERIAL TYPES ARE AS FOLLOWS -—-

ACRYL - ACRYLICS

ALURI - ALURINUM ALLOVS
CASTI - CAST IRONS

COPPR - COPPER-BASED ALLOYS
GLASS - GLASSES

RAGNS -~ MAGNESIUN ALLOYS
NICKL - NICKEL ALLOYS

PL - POLYMERIC MATERIALS
POLYC - POL A5TRS
STEEL - CARDON STEELS

STSTL - STAINLESS STEELS

TITANIUR
ENTER RATERIAL TYPE (STEEL,STSTL,ETC. ~~ALUNI

BATe. CODE ov.cocv.0osDESCRIPTIONG . cascaosacecens

200  ALUMI - UNS A9 2024-0

09202  ALUNMI - UNS A9 2024-TI6
ALUNI ~ UNS A9 2024-TG2 SiEET

90210  ALUNI - UNS A9 2621-T81 BAR
0211  ALUAI ~ UNS A9 2021-TS1 SHEET
90220  ALUNI ~ UNS A9
0223  ALUAI - UNS A9 5082
00236  ALUNI - UNS A9 6061-0
00231  ALURI ~ UNS AD 6061-T4
00232 ALUNI - UNS AS 6061-T8
00246  ALUMI - UNS A9 7075-T6

RMATERIAL PROPERTY DEFINITION OPTIONS

E - ENTER PROPERTY DATA DIRECTLY

~= SPECIFY A LIDRARY PROPERTY CO!

I. -- LIST SELECTED LIBRARY ENTRIES
ENTER OPTION ( E , C , L ) ==c=o==—====l
ENTER LIDRARY PROPERTY CODE --206

MATERIAL PROPERTIES W!Nl‘l’lﬂ Fﬂ THE MODEL IS CONPLETE.
AT THIS POINT RATERIALS A RAY DE EDITED AS NECESSARY.
(NOTE THAT SOME DATA W!CHIS UNINPORTANT FOR THE CURRENT
MVSIS RAY DE DEFINED AS ZERO)

CURRENT PROPERTIES ARE LISTED JELON ~—~-

CODE MODULUS POIS.RATIO DENSITY  YIELD STR. THERW.EXP.
“0 J10G0E+08 .3200E+00 .ZSOOE-03 .4D00E+06 . 1260E-04

L-(L!ﬂwmlﬂ TABLE
C * (CINANGE AN ENTRY IN THE TABLE
* ($)TOP EDITING

ENTER OPTION (L , C, 8) -8
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LSEEEEITLRITISEIRLL STITLEILATEERATLSL
g .
DATA GENERATION COMPLETE

il

055500 MAXINUR EXECUTION FL.
1.u§£ stconu EXECU‘I’!n ON TIME.

LU:RI. FLIES- -
s T i
lSCI! NPy wTPUT N v FDATA

COMMAND-

INITIAL CATAL

CT ID= PFNeSHEETUI THHOLE

CT Cve 001 SNeAFFDL 0000002944 UORDS.
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7.2 EXECUTION OF CORGEN / EXPAND / PREP / REFMT SEQUENCE

This Subsection contains an example of the use of CORGEN to
generate a finite element mesh from.coordinate data in lofting
form, which in this instance is stored on a data file. The
EXPAND utility is used to translate the surface model output by
CORGEN to three-dimensional form. PREP is used to refine the
mesh and specify constraints. REFMT generates the formatted

data deck ready for analysis.

The geometric data used in preparing this model is lofting
data describing the forward canopy of the T-38 aircraft. Near
the forward edge, the canopy rests on a metallic arch structure
which does not provide for any bolted attachment; the final
model will contain a rather small row of elements along this
boundary: which could be used to generate contact elements for

detailed analysis of the true support condition.

7.2.1 Summary of Modelling Procedure

The modelling data provided for the T-38 airplane canopy
consists of nine lofting planes with seven points defined on
each plane. This data was entered to CORGEN as a file struc-
tured so that each lofting line corresponded to one group of
data. The groups were input such that the first group repre-
sented the first lofting line at the fore point on the canopy
and the ninth group represented the aft area of the canopy.

7.24
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The CORGEN.program was executed to convert the lofting

l data into the preprdcessor internal format description. The

program execution was uninvolved for this model as the

. are identified below:

1 - NODE; FILE; READ; EXIT -~
' 2 - ELEM; GENE; EXIT -
- . 3 - FINI -
These operations resulted in a 2-D
twelve nine node elements.

model to a tﬁree-dimensional solid

in this program.

- verification of the lofting

- refine the model,
- optimize the node numbering
- select 14 point integration

¥ w v T e,

7.25

- specify boundary conditions.

LIPSO D G

- X default options for group formulation and element generation
were utilized. The sequence of commands to create the model

node input from file,
element generation,

write model data to file.

sur face model consisting of

-~

The EXPAND program was executed to translate the surface

element model. There exists

only the option of selecting the direction to expand the surface

The PREP program was executed to perform several functions:

model Aata,

- mask to 16 node elements (from 27 node elements),

for the analysis,
rule for analysis, and

The sequence of steps to execute PREP are outlined below and
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listed in the following paragraphs of this section.

STEP 1: Verification of CORGEN/EXPAND model
- PLOT (plot original canopy model)

- PLOT (find local element orientation axes)

STEP 2: Create l16-node solid elements from 27 node model
- MASK (eliminate extraneous nodes)

STEP 3: Refine the model
- REFINE (execute 2 times for R direction)
- PLOT (verify refinement, check new element
numbering for next refinement)
- REFINE (only selected elements in S direction)

STEP 4: Qptimize node numbering
- RENUMBER (repeated to insure optimal numbering)

- PLOT (verify model geometry, and identify node
numbers for boundary conditions)

STEP 5: Select element properties
- PROPS (select 14 point integration rule,
remainder of properties given in REFM™)

STEP 6: Specify boundary conditions
- PLOT (ZOOM to find nodes to be constrained)
- BOUNDS (constrain nodal degrees of freedom)

A natural frequencies analysis will be performed, so no loads
data are specified at this time.

T




e

.......

The RE?MT program was executed to prepare a data file
for MAGNA analysis. This section details data specification
for a natural frequency analysis of the model. The REFMT

s I e e ey,
‘:“rﬁ\‘r‘.‘nu LR

program has interpreted the 16 node elements as MAGNA type 8

h
23

element of which there are 45 elements. The sample run
illustrates the definition of undefined material property .
types. A final file is generated for a MAGNA analysis.

'
(o4
-

l“
i
[,
[
8
L

Sections 7.2.2 through 7.2.§5 list the program executions
of the CORGEN / EXPAND / PREP /REFMT sequence for completing
the T-38 aircraft windshield model.
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7.2.2 CORGEN Execution

Cwsgfgaﬂ:; » FREPROCESSORPROC, I1D=BROCKNMAN, MR=1 .
‘e L]

COMMAND~ ﬂ'l'TﬂCu.ThPtll UINDSHIELDDATA,CYe=1.
COMMAND~ FILES

-=LOCAL FILES--

SINPUT SOUTPUT 3P ITAPELL
COMMAND- REGIN,CORGENM,P.

ZLLLTRLXRILXXLRLLLXL LI RRTLTRILTLRR
TEXXLXLX82X DEGIN CORGEN ZZXITXXXLRX
T2XCOARSE GRID INPUT PREPROCESSORZZS
pedereiboirobatteroeitoteetirter et

FOR A LISTING OF COMMANDS TYPE ‘COMR’
COMMAND. .t COMM
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PR NP S
Vet T

(GEME JRATE

(DELE)TE

:ﬂ.‘l‘l)ﬁ

(FILE) INPUT OF COORDS
:m;«n INPUT OF COORDS

OPTION?..t EXIT
COMRAMD..: COMM

AMAILABLE:
($a800e ov cuvorrs
(GEMNE )
(DELE)
(ALTE )R
:}!Lt; INPUT OF COMMNECTIVITY
: MNPUT OF COMMNECTIVITY
¢
({ e
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(THIC )XNESS

(STOP)

COMMAND. .t FINI
STOP

065600 MAXIMUN EXECUTION FL. !
..“%l.g SECONDS EXECUTION TIME.

STAPELL TAPED !
RETURN, TAPEL1, TAPED |

A

o
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7.2.3 EXPAND Execution

COMMAND- FILES
-;LO‘.‘M. FILES~-~

SOUTPUT 2P
COMNAND~ BEGIN,EXPAND,P.
nunnmnummmuma

8
BEGIN EXPAND
l THICKNESS EXPANSION PREPROCESSOR !

uwsumuxm:mmzxuuuua

TAPELO

TNIC“SS mnszon OPTIONS:
= EXPAMD FROM BOTTON -

up
2 - EXPAND ABOUT NIDPLANE
3 - EXPAND FROR TOP - DOUNM
ENTER OPTIOM (1,@,3)cccececes @

DO YOU VISH A LISTING OF
EXPANSION DATA (Y, M)?P...t M

034700 MAXIMURN EXECUTION FL.
0.367 CP SECONDS EXECUTION TIME.

COMMAND- FILES
—=LO0CAL FILES-—
;&E}E SINPUT soUTAUT 3P TAPELO
RETURN, TAPELS, TAPE12

N . - Laca PR 2 2 . - e s JRIF VRN 4«.,;....;.;,,:.,....,,._‘.,.L.A.....;“,,,-.".‘J
< e om—ama - - a




7.2.4

VAP DR (I

PREP Execution

COMMAND- F}
==LOCAL FILES--
SINPUT SOUTPUT TAPELL
CORMAND- BEGIN,PREP,P
b sooditadtastbtactsarttioste st sdtsl

SXIXLXXXX222 BEGIN PREP XEZXTIXXXIXLIX
2X3X MAGMA PREPROCESSING UTILITIES 33312
pead oo debidos it tidobibodiodod ettt

o, 1
l. 4010 7 4012 7 4013 / 4062
2, 4014 / 4015

2. 4014 / 4015 ¢ EMH. GR. MOD. )
»

- SETS DOUNDARY CONDITION DATA
CONTAC - TES ACT ELEMENTS FACES OF SOLIDS
cory - COPIES DATA TO SECOND FILE
CREATE - TES MODEL ‘FROM SCRATCH’
DE - S MODEL FILES FOR
EDIT - ALLOUS DIRECT EDITING OF DATA FILES
FILL S ADDS MEU NODES TO EXISTING
HELP - PRINTS THIS LIST
LINEAR - INE LINEAR (MULTIPOINT) CONSTRAL
LIST = LISTING OF AUAILABLE DATA FILES
LOAD - PHYSICAL LOADING DATA
MAsK - DELETES NODES FROM EXISTING ELEMENTS
MERGE % MERCES TUO DATA FILES INTO OME MODEL
NARE = USER ROUTIMNE TO NAME LES
PLOT - PLOTS SELECTED NODEL IN THREE SPACE
PRINT = PRINTS DATA AT TERNINAL
PROPS - ADDS PHYSICAL PROPERTIES DATA
REFINE % REFINES SELE
REFLEC - CTS MODEL DEFINED PLANE
RENURBER £ OPTINIZES NODE POINT NUMBERI
ROTATE - ROT MODEL ABOUT NATE AXES
SHELL - DEFINES ELEMENTS AS SHELL OR 3-D
SIFT 2 ELININATES UNUSED NODE
svoP - ENDS PROGRAR OPERATION

- TES MODEL POSITION IN 3-SPACE
TIDY 2 ELININATES DUPLICATED NODE MUMDERS
TIRE - PRINTS CP TIME SINCE SESSION DEGAN
TOLER - DEF! T0
2 => DOES NOT RETAIN BOUNDARY CONDITION, LOADING, OR

LINEAR CONSTRAINT DATA.
ﬂﬂﬂc INFORMRATION ON COMAANDS CAM lt OITMKD | )4
BY ENTERING ‘7’ UMILE IN COMMAND NODE

18 PLOT
ENTER INPUT FILE 83 LABSEL 33 TISEGRD

mxvmmxm or rumxm ROUTINE ERASES SCREEN.
READY (Y,M) ? ...08
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AT END OF PLOT, ENTER CHARACTER TO CONTINUE.

SORAY
READY (Y, M) ? ...

R4 D i A TN AN ~ "
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— ™ b et Mhat atndi SenCinst Rttt St Rt Dbl Mt hast St

SSHRINK
Eﬂﬁ 'ﬂt ”lm SCAI.E(..-!.) sesssscccvessoet .-3

SORIE!

PLOT ORIENTATION AXESPCY,N) cccceccscacsccocel V¥
SLABEL

m.E‘ m mms’(v'") ....‘.....‘.'.O.....‘ v
. LABEL THE NODESP(Y,N) .eccsccevsccocsscocscest N

AT END OF PLOT, ENTER CHARACTER TO CONTINUE.
READY (Y, N) ? vucet ¥

7.34
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>
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LABE
- CREATING NEW DATA FILE
MASL OPT -

THAIN

31 AREK
ENTER INPUT FILE 81 LABEL 3 s TISEGRD
ENTER OUTPUT F L 3 3 1GNODES
ONS
1. 3-D ELERMENTS ONLY
2. 3-D ELEMENTS ONLY
ENTER onxou...“z
MAX NODE POSITION 8 IN FINAL ELEMENTS?
(8,16,20,26,27) ;;16
NASK COMPLETE.
PERFORN SUBSEQUENT SIFT ? (Y,N) ~)VY

SIFT COMPLETE
24 UNUSED NODES DELETED

$3 REFINE

ENTER INPUT FILE 81 LABEL

ENTER OUTPUT FILE LABEL

CREATING NEU DATA FILE
BEGIN REFIME ROUTIME...

= RANDON ELENENT INPUT

38 1GNODES
3REFINS

2 - RANGE OF ELENENTS

3 - EXECUTE REFINEMENT

ENTER OPTION )3
RAXINUA NURBER OF

SPECIF1 > 150

MFBER STILL MAILASLE ——> 150
ENTER SEGINNING ELEMENT NURBER, ENDING ELEMENT
MUNDER, AND INCREFENT FOR RANGE. ‘
no€c, NEND, INCR 34,12,1

1 - RANDON ELEMENT INPUT
8 - DECTe At et

ENTER OPTION >3
ENTER CUT DIRECTION (R,S,T) OR

ARXIMN CUTS PER ELEMENT -~—) §
OER CUTS PER CLENENT ———)1

COUALLY SPACED CUTS ? (V,N) DY

INE COMMLETE.
g"gl SUBSEQUENT TIDY ? (V,N) =V

TIDY OPTION ONE OR TWO ? (OPT1, OPTR, MELP) -DHELP
TIDY OPTION ONE UILL WORK ON ALL MODELS GIVEN

IME .
0PT1 INCLUDES POSITIONALLY DEPENDENT
ngm&%mmmrmwm

SINCE OPTION TUO CAN CONCEIVABLY ATTEMPT RENUN-
INATE DIRECTIONS AND
mmmsaau.n%em" Tone e

*OPTION TUO FAILED. OPTION ONE DEING INMVOKED®
1S DISPLAVED.
TIDY OPTION OME OR TUO ? (OPT1, OPTR, HELP) ->0PTR

TIDY COMPLETE
60 DUPLICATE NODES DELETED

7.35
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33 REFINE

ENTER INPUT FILE $1 LABEL nlEFINl

ENTER OUTPUT FILE LABEL 3 sREFINE

CREATING NEV DATA FILE !
BEGIN REFINE ROUTINE...

% mon ELEMENT INPUT
3 - EXEME REF INEMENT
ENTER OPTION - 2
RAXIFUR NUNBER

SPECIFIABLE > 150
NUMBER STILL AVAILABLE ——-) 150

ENTER BEGINNING ELEMENT NUMBER, ENDING ELEMENT
NUNBER, INCREMENT FOR RANGE.
ENTER NOEG,NEND, INCR cemeee=)1,3,1

- RANDOW ELEMENT INPUT
§ 2 DECUTE REFTReNENT
ENTER OPTION 3

ENTER CUT DIRECTION (R,$,T) >R

MANINUN CUTS PER ELEMENT -——-> §
ENTER CUTS PER ELEMENT --===)2

EQUALLY SPACED CUTS ? (V,N) ON

ENTER CUT POSITIONING IN
ASCENDING ORDER (0-100) -->4§,96

REF INE COMPLETE.
PERFORN SUSSEQUENT TIDY ? (Y,N) =¥

|
|
\
\
TIDY OPTION ONE OR TUO ? (OPT1, OPTR, HELP) ->0PTR C#-q

TIDVY COMPLETE
20 DUPLICATE NODES DELETED
ts LIST
LISTING OF DATA FILES AVAILABLE
810 --- 1GNODES
811 --- T3SEGRD

212 --- REFINL
813 --- REFING

33 DELETE
ENTER LABEL 3 3 16MODES
3t DELETE
ENTER LABEL 33 T38ECRD
3t DELETE
5 ENTER LABEL 3 sREFING
13 PLOT ‘
) ﬂ'ﬂ"n INPUT FILE 81 LABEL 3 sREFING
- m u!m"!m m(v."’ ‘....‘..."I...'.' "
- SOHRINK
. m ‘ﬂ( ”1* m(.o'to’ eecesesccscccset .
-4 )
- AT END OF PLOT, ENTER CHARACTER TO CONTINUE.
.. READY (Y, M) ? oooo‘ V
-4
- o~
k’.. 1
N
i_‘ 7.36
=

| SRS I NS B SRR S R AR A U ST DU L T PP ey




.37




L
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1
N
1
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L

B W Py r—— O ey ey

tmatn
11 IEFINE
ENTER INBUT FILE 81 LABEL 3 IREFING
OUTPUT FILE LABEL 1 IREFING
CREATING NEU DATA FILE
BEGIN REFINE ROUTINE...
1 - ELERENT INPUT
@ - RANGE OF ELEMENTS
3 - EXECUTE REFIMEMENT
m m' cocncecvveessen)
PAXIMUR MURBER OF ELEMENTS
SPECTFIABLE -—————e=——-==) 150
MMBER STILL AVAILABLE ---—-> 156
enTER CRETURN) FOR EACH
ELEMENT TO BE REFINED. ELEMENTS NEED NOT B€
ENTERED IN ASCENDING ORDER. ELEMENT .
TERRINATES .
ELEMENT § - 319
ENTER ELEMENT § ———e—om—ee=)20
ENTER ELEMENT § a1
ENTER ELEMENT § ——--——-e—=e=D1
ENTER ELEMENT § ~o—-——e-———-)2
ENTER ELEMENT § >7
EXTER ELERENT ’8
ENTER ELEMENT § ———eeee———-313
ENTER ELEMENY § ————o————e==)14
ENTER ELEMENTY § ~—————e——e)2R
ENTER ELEMENT § ~—o—ee—e——-)23
ENTER ELEMENT § ——-om—————>24
ENTER ELEFDNT § ——————————>3
ENTER ELEMENT $ 24
DNTER ELERENT § —=eeooee—m—>9
ENTER ELEMENT ¢ 373
ENTER ELEPENT § —————-o-——>1§
ENTER ELEMENT § ~=——e-ameem=>1$
ENTER ELEMENT § >
1 - RANDON ELEMENT INPUT
3 - AanaE of ELEMENTS
QHTER GPYION oo »
- DTER CUT DIRECTION (R,$,T) >8

B RAKINUN CUTS PER ELEMENT ——) §
ENTER CUTS PER ELEMENT —=——>1

SOUALLY SPACED CUTS 7 (VY,N) DY

REFINE COMPLETE.
PEPFORN SUBSEQUENT TIDY 7 (V,N) =)V

TIOV OPTION ONE OR TUO 7 (OPTL, OPTE, MELP) ->0PTR

TIDY CORPLETE
138 DUPLICATE MODES DELETED

3
sl

- ~"

O

4

RENUNDER
ENTER INPUT FILE 81 LADEL 33REFIND
ENTER OUTPUT FILE LABEL 3 RENURD4
CREATING NEU DATA FILE

MODE POINT REORDERING COMPLETE

NODAL DAMNDMIDTM (OLD) = 70
NODAL DANDUIDTH (NEW) = 70

ss TINE
THE CPU TINE FRON THE STARY OF THIS SESSION 18 12.358 SEC.

~ N PRI ‘~“- ‘"N'A' -
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RENURD4
RENNDS
3 s RENURDS

3V

3REFINR
3 sREFINS
3 sROUNSS
AT DN OF PLOT, ENTER CHARACTER TO CONTIMUE.

REABY (V,M) ? ...

DRSURISVIYS « & IWIRTIIR T b PP AR
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SLABEL

uutm‘m(v.“) O..‘......'l.'......‘ "

um m mus "’ .l...".‘..............' v

LABEL ALL THE SURFACESP(Y,N) ...ieiveescacecsd N
"g’nnmsmr NO. (0-8, © PLOTS ALL) ....1 6

COMMAND DESCRIPTION

2238532 S3XXXXRITXE

AXES AXES DRAU AND LADEL

S0UNDS PLOT BOUNDARY CONDITIONS

cLIpP CLIP PLANE POSITION

CuUsE SET NININA AND MAXINA

DEFAULT SET DEFAULT VALLES

ELERENTS TS ALL OR SELECTED ELEMENTS

EVE EVE POSITION

HELP LIST ALL

LABELS AND/OR NODES

RAIN RETURNS CONTROL TO MAIN

ORIENT PLOTS R,$,T ORIENTATION AXES

PROJECTION PROJECTION TYPE -

REFLECT REFLECT A PLANE

ROTATE ROTATE MODEL ADOUT AXES

SCALE SCALE PLOTY

SHRINK SHRINK

SURRARY LIST ALL PARAMETER UALUES

TIRE PRINTY CPU TIME SINCE START OF SESSION

TRAMSLATE TRANSLATE FROR ORIGIN

VERTICAL VERTICAL AXIS

2001 Z00R ON THE

SITE SITE POSITION

SEVE
ENTER TME EVE POSITION,
m‘ mt m 0000000 ss00sc0sssesnsccscent ‘“ 3“ t“

PLOT ALL THE W(V.N) essascsessssccscct N
ELEMENT INPUT OPT
OPTION 13 m m 4,13,64,...) -
UNERE FIRST DIGIT = NO. ELEMENTS o
onxou 28  RANGE OF ELEMENTS(1,9,2 FOR 1-9,INC OF 2)
m m mxm‘l.a’ O.oooo.lo.oooono.' 1
mﬂ"u M Eml’ secs0csscssscvccscsscscncncel 5 7.34.35.4..41

AT END OF PLOT, ENTER CHARACTER TO CONTIMUE.
READY (Y, N) P coees ¥

7.40
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200
Do

m‘v."’ '...'...."..Q....CO...‘........‘ v
SDRAY

AT END OF PLOT, ENTER CHARACTEN TO CONTIMUE.
READY (Y, N) ? ceeat ¥ ‘

7.41
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22001 ’
DO YOU UANT THE 200M FUNCTION (Y,N) ? .ccceet N

3ELEN
'LOT “LL “ tums’(v’") '.l....'.........' N
ELEMENT INPUT OPTIONS

OPTION 13 mnon ELEMENTS(4,13,64,...)
UMERE FIRST DIGIT = NO. ELEMENTS
OPTION a: RANGE OF ELEMENTS(1,9,2 FOR 1-9,INC OF 2)
ENTER THE INPUT m!“(l a) Oloco.l...o.touot'
s ENTER THE ELENENTS oo.t.-.o..‘o.o...o..oooo.o. 7,3‘.“.‘..4‘.“
LABEL THE ELEMENTS?(Y,N) cocovcscoccnccccccsed
LABEL THE MNS?(V.N) seese0enesscsssssecsesced
LABE hl.l.ﬂt“ﬂﬂ?ﬂ) Vesossesscscscent
macm THE SURFACE NO. (0-8, ® PLOTS ALL) ....1

[od
WIXCIT O

AT END OF PLOT, ENTER CHARACTER TO CONTINUE.
READY (VY,N) ? ....8 ¥

7.42




AT END OF PLOT, ENTER CHARACTER TO CONTINUE.
(Y,N) ? caaat ¥ ‘
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SFLEM
PLOT ALL THE ELEMENTSP(Y,N) caccocescestcsccel N
ELEMENT INPUT OPTIONS

OPTION 1t  RANDOM ELEMENTS(4,13,64,...)

WUHERE FIRST DIGIT = MO. ELEMENTS
OPTION 8t  RANGE OF ELEMENTS(1,9,2 FOR 1-9,INC OF 2)
:m m xm mxm("a, l........'...‘.." a
ENTER THE ELEMENTS .ccceccccactccncocnsesessed 1,9,1

2001
DO YOU UANT THE ZOOM FUMCTION (Y,N) ? ......t N
SDRAY

AT END OF PLOT, ENTER CHARACTER TO CONTINUE.
READY (Y,N) ? ..ot ¥

. i
—t e 2.
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NTER CHARACTER TO CONTINUE.

4

[} 3% ZVPO

AT END OF PLOT, €

READY (v,




T R e . - Vo e——

-00
DO YOU UANT THE Z00M FUNCTION (Y,N) ? ......t N
SMRIN

33

13 PROPS

:msa INPUT rxu: 81 LABEL 3 sRENUNB4
R_OUTPUT FILE LABEL 33PROPS

cmnnc NEV DATA FILE

$) RANGE OF
ENTER OPTION...: 2

ELEMENT TYPES AVAILABLE...
@ - DEFAULT (DAR, MENBRANE,SOLID)

SHELL OR

PLANE STRESS (REMBRANE)
PLANE STRAIN
AXISYMRETRIC

SHEAR PANEL

NaWe
[ A ]

§
:

PRESENT ELEMENT TVPE - L
CHANGE (Y,M) ccccccceced N

PATERIAL TYPE - ®
CHAMGE (Y,M) .cceocsceet N

INTEGRATION OPTIONS AUALILABLE -~

. = DEFAULT FOR ELEMENT TYPE

= SINGLE POINT

. = RIDFACE POINTS

8 -2~ PT. GAUSS

14 - !M'S RULE

27 -3 - cAUSS
PRESENT xmmxon ORDER ]
M (v'"’ .QC.......' v
ENTER MEU INTEGRATION ORDER...: 14

CLENENT PRINTING OPTIONS -~
. PRINTING ON
= PRINTING W

PRESENT PRINTING OPTION = @
m ‘ v. " , .O..... "

FOUNDS
mm InPuT FIL‘ 81 LABEL 'Y
FILE LABEL 3 3 BOUNDE

ENTER
CREATING NEU DATA FILE

SOUNDARY CONDITIONS MAY BE ENTERED FOR RANDOM
NODES, 'RANGES OF NODES, ALL NODES ON A PLANE,
OR TME ENTIRE MODEL.

FOR EACH GROUR OF NODES, CONSTRAI INTS v 3 SET
IN ANY CONBIMATION OF nxatcﬂom
(NOTE THAT 2-D nontu T be Verves 1

CONSTRAINT DIRECTION CODE CONSTRUCTED AS FOLLOUS:

ENTRY 1 - ‘%’ Fﬂ CONSTRAINED IN X DIRECTION
! ‘o’ F mxm IN X DIRECTION

m.- SANE FOR

3- MFNZ

EXAMPLE -> ‘1,0,1° FOR CONSTRAINTS IN X ~0 4
DIRECTIONS BUT NOT IN V¥

LA Sl Shatie. Bt Neadh Jnatt Jhats

TINE :
THE CPU TINE FRON THE START OF THIS SESSION IS 16.068 SEC.

e




]
4
‘l
J
4
i
4
L
‘l
”
/
L
y
4
r

PR
PR
»
’
'
.
'
'
.
.
v

)
"
i

v v
)
- .
s
»
;

i
P

.-,-,A
'.l, .
e

-

1 - RANDOR NODES
2 = RANGE OF NODES
<. 3 - SPECIFIED PLANE
i 4 -~ ALL NODES
. $ - EXIT

T IO

Vo
, [

ENTER NODE SELECTION OPTION (1,2,...5) 21
ENTER CONSTRAINT DIRECTION CODE (THREE VALUES) ->1 1 &

FOLLOU EACH NODE ENTERED BY TYPING ‘RETURN’
ENTER ‘9’ ‘RETURN’ TO END ENTRY.
ENTER NODE —>3
ENTER MODE —>4
ENTER NODE —>7
ENTER MODE —>13
ENTER NODE —>20
ENTER NODE )27
ENTER NODE —>31
ENTER NODE —)38
ENTER MODE —>423
ENTER NODE --)S4
ENTER WOOE —367
ENTER NODE —>2
ENTER NODE —>6
ENTER NODE —>9
ENTER NODE —->18
ENTER NODE —>2%
ENTER NODE —>29
ENTER NODE —)38
ENTER NODE ~-)44
ENTER NODE —)$8
ENTER MODE —)68
ENTER N0 —>0

1 - RANDOM NO

2 - RANGE OF NODES
3 - SPECIFIED PLAME
4 - ALL MODES

€'~ EXIT

ENTER NODE SELECTION OPTION (1,2,...8) >4
ENTER CONSTRAINT DIRECTION CODE (THREE UALUES) -)0 1 ¢
FOLLOU EACH ENTERED 3Y TYPING ‘RETURN’

NODE
‘9’ ‘%' TO END ENTRY

3
i
3

i)
5
-

- [
SRARR 288 R
gggg%ﬂ " AR
!
§

AOWNe
[ I I I |
93’;;
"o
=1
]
A

[ ]
;-c

SELECTION OPTION (1,3,...5)

40 DOUNDARY COMDITIONS ADDED
40 DOUNDARY CONDITIONS TOTAL

>6
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DaDNDSOMUNG -4 YD

ts STOP
LISTING OF DATA FILES AVAILABLE
810 --— PROPS

$11 --~ RENUMB4
$12 --- BOUNDGE

“4. MAXIMUM EXECUTION FL.
17.031 CP_SECONDS EXECUTION TINME.
FILE OI.IO‘I' EXCEEDED

COMMAND- FILES
==LOCAL FILES~-
SINPUT SOUTPUT 3P TAPELL TAPELS
TAPEL4 ?‘Ptig TAPELS TAPEL? TAPELS

TAPELS T
FILE outm EXCEEDED
nnum TAPEL10, TAPELL, m’exa TAPEL4, TAPELS
<TAPELG. TAPEL7, TAPELS
oom- FILES

~SLocAL FILEs—

SOUTPUT 3P TaPEL12
CORPAND- COPWID- REVIND, TAPESZ
€0t sneotmnd "con OF FILE
COMMAND- uﬁm.rnws"'xa
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= ) 7.2.5 REFMT Execution

! CORMAND- FILES

X «~LO2AL FILES-~-

s SINPUT SOUTPUT 1P UNFNT
COMMAND~ BEGIN,REFMT,P.

AN

32TILXLITXTILLXIRTLRRALLRLIRLLSRIRLRLNLS
BEGIN REFNT -~ RAGNA INPUT GENERATOR
IXSESAXITTLXIT LRI TLTXRLLRLIRSFALIIREL XL

1

. x
)
P .‘-A- .

- ¥ 2
£t g
S

>
.

T

2T SUMMARY OF INITIAL SCAN OF DATA FILE 33

L; mwm”!m se0000e 338
3 MUMBER OF CLEMENTS (TOTAL) ... 45
[ NUMBER OF CONSTRAINT RECORDS.. <
o NURBER OF LINEAR CONSTRAINTS.. L |
!-“.' m oF m m sesescoe .
"j." m W m m sSeceee .
DISTINCT LOAD CASES / GROUPS. . o

NURBER OF ELEMENTS UITH
ELEMENT TYPE ELEMENTS UNSPEC. MATRL

OITER A THREE-LINE PROBLEM TITLE (UP TO 30 CNARACTERS PER LINE)
o.oo-000.‘..0.0lo.oaon.l....o’oo..'lo..‘..oo-o.'osoooooooco.tooooot00700'.000.0‘

SYWMETRIC MODEL - SUPPORTS -
W.MIIM. 19863

TIELLERRXTARLEREEREASALTLL CAXLETRERILTEXLERS
MAJOR SOLUTION OPTIONS AND PARANCTERS
LIXEETRETEESLL TSR RRES LR IRATERSATELE
ENTER aNALYSIS TVPE (LINEAR, NONLINEAR) ~LINEAR
ENTER ANALYSIS SUBTYPE (STATIC,DVMANIC)~——=DYNANIC
DVIARIC SOLUTION TVPE  (CIGEN ,TRANSIENT) -EIGEN
ENTER MUMBER OF FREQUENCIES TO DE CUNPUTED -4
CONSISTENT MACS MATRICES TO BE USED (V/N) —¥ Lo
POSTPROCESSOR FILE TO BE URITTEN (Y/N) ===y

END OF OPTIONS SPECIFICATIONS

INDIVIDUAL ELEMENTS IN THE MODEL CONTAINUNDEFINED PROPERTIES
CLEMENT TYPE . ]
MURBER OF ELEMENTSe %

PLEASE DEFINE A DEFALT PROPERTY CODE FOR THIS ELEMENT TVPE,
OR ENTER MATERIALS DATA DIRECTLY BELOM.
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NATERIAL PROPERTY DEFINITION OPTIONS

E -~ ENTER MRW DATA DIREC‘I‘LV

C -- SPECIFY A LIBRARY PROPERTY CODE

L -- LIST SELECTED LIBRARY ENTRIES
ENTER OPTION ( E , € , L ) ==—==ccc===e]

LIBRARY MATERIAL DESCRIPTIONS CAN BE LISTED BY MATERIAL TYPE
UALID MATERIAL TYPES ARE AS FOLLOUS ~---

ACRYL - LICS
ALUAI - ALUMINUM ALLOYS
CASTI - 1RONS
COPPR - COPPER-BASED ALLOYS
GLASS - G S
RAGNS - MAGNESIUM ALLOYS
NICKL - NICKEL ALLOYS

YMR - POLYMERIC MATERIALS
POLYC - POLYCARBONATES
STEEL - CARBOM STEELS
STSTL - STAINLESS STEELS
TITNR - TITANIUR

ENTER MATERIAL TYPE (STEEL,STSTL,ETC.)--GLASS

m. cou OQO.Q.OOQOQWI"INOC...OQ....QO0.0
06830 GLASS - SODA LINE GLASS, FULLY TEMPERED
00835 GLASS - PPG HERCULITE-1I, CHEN.STRENGTHEMED
98840 GLASS - ANNEALED
00848 GLASS - PUB 0.20 m:cxm. 0.C.

MATERIAL PROPERTY Wlﬂﬁ'!ﬂ OPTIONS

E -- ENTER PROPERTY DATA DIRECTLY :

€ == SPECIFY A LIBRARY PROPERTY CODE

L == L1ST SELECTED LIBRARY ENTRIES

ENTER OPTION (E , C, L ) ~=~mececaweeal

ENTER LIBRARY PROPERTY CODE --840

' m‘rtlunl. PPOPERTIES DEFINITION FOR THE MODEL 1S COMPLETE.

'I‘HIS POINT MATERIALS DATA MAY BE EDITED AS NECESSARY.
(NOTE T SOME DATA WHICH IS UNIMPORTANT FOR THE CURRENT
ANALYSIS MAY BE DEFINED AS ZERO)

CURRENT PROPERTIES ARE LISTED BELOYW ~—--

CODE MODULUS POIS.RATIO DENSITY YIELD STR. THERM.EXP.
-8 .1050€+08 .2200€+00 .2350E-03 .E000E+04 0.

L (I.)IS‘I' cuautm mxts

€ = (CIHAMGE AM ENTRY I

S o (S)TW EDITING

ENTER OPTION (L , C, 8§ ) =wececmenc===§

TAIL!

:msmmmnuxn:
; DATA GEMNERATION COMPLETE :
Foelelirotietoteedionldecctioedosios st

sToP
655500 mtm EXECUTION FL.
1.063 CP SECONDS EXECUTION TIME.

CONMAND—- COPYDF ,FDATA
COMMAND- CATALOG, MTO.UIM!MW‘!CN. 1D=BROCKNAN, RP= 200
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7.3 EXECUTION OF IJKGEN / PREP / REFMT SEQUENCE

This Subsection contains a preprocessing erxample demon-
strating the use of the default options provided in IJKGEN
(Subsection 2.2) to generate a three-dimensional model of a
folded plate-type structure. The use of user-written sub-
routines within IJKGEN is described separately in Appendix D.

The component to be modelled in this hypothetical example
involves a folded plate containing both flat and cylindrical
gecmetry. The plate is twenty inches wide, with symmetry
assumed along its centerline. 1Its folded edges are repre-
sented by 90-degree cylindrical segmentg of mean radius 5.1
inches, and ten inches long (half the width of the plate).

A flat segment between the folded edges is 46 inches in length,
and symmetry is assumed along the center of this panel as well.
The thickness of the entire panel is uniform, at 2.2 inches.

7.3.1 Summary of Modelling Procedure

The basic geometric components of the plate are the flat
section and its cylindrical ends. These are generated in IJKGEN
separately, using the default coordinate system and mesh grading
options:

- Rectangular segment : Cartesian coordinates, graded mesh

- Cylindrical segment : Cylindrical coordinates, uniform mesh.

7.51
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The rectangular (flat) portion of the mesh has been refined
slightly near the symmetric center section, where a band of
pressure will be applied in the analysis. The row of elements
to be joined to the cylindrical end has been made four times as
long as the row at the center, and the grid is uniform in the

remaining two directions.

The two substructures created in IJKGEN are assembled with
the use of PREP, after using the TRANslate and ROTAte operations
to position them properly. Observe that the flat section of the
plate could have been positioned properly in IJKGEN by an
appropriate selection of the minima and maxima; however, the
repositioning has been performed here to demonstrate more of the
features of PREP. . A -

The sequénce of operations performed in PREP is summarized

below for easy reference: - -y

Step 1. Verification of IJKGEN-Generated Models

- PLOT (Plot original cylinder data)

- MASK (Convert cylinder to l6-node elements)
- PLOT (Plot original plate data)

- MASK (Convert plate to l6-node elements)

Step 2. Repositioning of Plate Model Segment

ROTAte (Two 90-degree rotations of plate model)

7.52
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- PLOT (Verify that rotations are correct)
- TRANslate (Move plate next to cylindrical segment)
- PLOT (Verify that plate is positioned)

3. Combination of Flat Plate and Cylindrical Sections

-~ MERGe (Contbine the two models)
- PLOT (Verify that it has been done correctly)

4. Finish Geometric Model

- RENUmber {Reorder nodes to reduce bandwidth)
- RENUmber (Verify that a second pass not needed)

5. Apply Boundary Conditions and Loads

- BOUNds (Apply symmetry conditions on the edges
2=0 and Y=-10.; clamp.the free end of
the cylindrical segment, X=0.)

- PLOT .(Use ORIENT plot option to determine
the correct surface numbers for
pressures)

- LOADs (Apply inward pressure on the upper
faces of elements 41 through 50)

6. Finish Model by Assigning Properties

- PROPerty (Assign all elements as solids, to be
integrated using a l4-point quadrature

7.53




rule; leave the specification of
materials data for the REFMT step)

- LIST (Make sure of the local file number
which contains the completed model;
in this case, local file TAPEl1l2 must
be saved) '.

- STOP (Leave PREP)

The above sequence of operations is typical for modelling
data generated with IJKGEN, in which the original model can be
generated with the necessary degree of refinement. It is worth
noting that the specification of properties, which is quite
simple in this case, can become more tedious when several
materials are involved and a number of REFIne operations are
needed. In such cases, it is a good practice to assign the
properties at an early stage, where the element numbering

sequence is generally more regular. .

The final phase of model generation is the REFMT step, in
which a complete data deck for the MAGNA program is generated
in this example. The initial output from REFMT indicates that
the data has been read correctly, and that REFMT has properly
interpreted the 16-node elements as being Type 8 elements in
MAGNA. The following options have been selected through

additional user inputs:

» ‘.' 'A.




~ nonlinear, static solution;

- l@-increment solution, using a constant time step:

- combined full and modified Newton-Raphson iterations;

4

[l 2 Tat Tin 2)
A RN

BTN B
RENE A

- printing at every other increment, and writing of a post-

processor file at every five increments;

b

L
|_
L-,Z
L
3

- restart file to be written at every other increment, with
the restart file label FPLT.

The next segment of REFMT execution deals with material
properties, since none were specified within PREP. Since al
elements in the model contain, the same material code (zero),
the user is requested o define a default material code for
all Type 8 elements having this material code. Entries for
carbon steels are listed from the materials library, and a
default material code of 120 (GlO500 steel) is selected. No
editing of the materials data is performed, although entries

may be altered selectively as many times as necess&ry.

Finally, information is requested concerning the variation
of the applied loads for the nonlinear solution. Since the
solution is static, a ramp function is selected (option 3),

causing the loads to applied incrementally in equal steps.
; The pressure magnitude input in PREP is retained as the peak
E" loading value, and all pressures are defined as being 'live
Ei loads', to be updated according to the current surface orien-
J tation continuously during the nonlinear ana'.ysis.
L
L'-
-
»
! =
N
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Once the data generation is complete, the local file FDATA,
which contains the complete input deck for MAGNA, is cataloged
as a permanent disk file with the name FOLDEDPLATEDATA. All
that remains to perform the nonlinear analysis is the submission
of the proper job control stream for MAGNA, as described in .

Reference [4].

The complete modelling session, including all printed output
and plotting, is reproduced in Paragraphs 7.3.2 through 7.3.4
below.
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TIJKGEN Execution

COMMAND~ ATTACH, P, PREPROCESSORPROC, ID* BROCKMAN, AR=1 .
AT CYe 998 SNeAFFOL b= =t
COMMAND- BEGIN, IJKGEN,P.

LAZTITTLLTEZLLLETTILIZTITLRLTRTTTLTLALSL
STXTXXXTIL~  BEGIN IJKGEN 23222222
IIILEIRLIELLRILRLITRXTXXLILLTLLELTILLER

IJKGEMN - GEMERATION OF GEOMETRIC MESH
THICK SHELL OR PLATE FINITE ELEMENT RODELS  LoTng an rg:nsggo.

MODELS, USI
COORDINATE INDEXING SCHEME. OPTIOMAL USER
(é; SURFAC u..s.x.auma BETA,ZETA) - Www.‘s gﬂ!ﬂv

CROTRN ( BETA ZETQ.X.Y.Z) = COORD. TRANSFORMATION
BUILT-IN orrxous INCLUDE RECT ANGULAR, CYLINDRICAL OR
COORDINATES, AND UMIFORM OR PROPORTIOMALL $ Gﬂ:ﬂ% MI%

(3) UIMPUT - USER
v PARARETER Xl’lﬂ' ROUTINE (INITIALIZE DATA

SEZIZIXXXT  USER SUBROUTINE “SURFAC‘ NOT QIVEN sEIIETIRILRE
Illl.‘l'-!l! K’“ DIVISION OPTIONS ARE FOLLONS -
IFORN MESH IN EACH D l!ﬂ!g
8) - m RESH (SPECIFY mxo OF FIRST/LAST ELEMENT SIZE

m mm (1 » 3 ) o.oooooo....-o.oz

ENTER THE RATIO OF FIRST / LAST ELEMENT LENGTHS FOR EACH
COORDINATE DIRECTION mu-m. )t‘l'h. ZETA) (Rei FOR UNIFORM)

ENTER LENGTM RATIOS (R1,R2,R3) ccceccces 40, 2o, 2o
IXTLTRRELE- USER SUBROUTINE ‘CRDTRN’ NOT GIVEN SXZI2X2XX2X

wn.'r-xn COORDINATE SVSTEN TRANSFORNATION OPTIONS ARE -~ - -
) RECTANGULAR, (@) CYLINDRICAL, (3) SPHERICAL

ENTER COORDINATE SYSTEM OPTION (1,3,3) -t
22 PLEASE NOTE THE FOLLOUING CONVENTIOMNS FOR RECTANGULAR SYSTER 22

‘ALPHA’ » X ‘SETA’ = ¥ ‘ZETAY = 2
A RIGNT-HANDED SYSTEN 1S ASSUNED.

ENTER LIRITING SURFACE COORDINATE VALUES -
1. ALPHA(NIN) 2. ALPHACRAX)
3. JETA (RIN) 4. JETA (RAX)
$. ZETA (RIN) 6. ZETA (MAX)
0.0, 20.0, 0.9, 10., 0.0, 0.2
ENTER THE NUMBER OF ELEMENTS TO
ERATED IN THE ALPYA, BETA AND mﬂ co-
ORDINATE DIRECTIONS, RESPECTIVELY .... 6, 5, !
S53 MEGIN GEMERATION PHASE 222

NURBER OF NODES TO BE GENEWTZ) - 429
MURBER OF ELEMENTS TO IE GEMERATEDs 20

TME THICKMESS DIRECTION OF THE MODEL (IF OME EXISTS, AS IN A
THICK SHELL) MUST ML IDENTIFIED TO ORIENT ELEMENTS PROPERLY.

OPTIONS ARE (1)ALPMA, (2)BETA, (2)ZETA, OR (4)CUNIMPORTANT) .
ENTER THICKNESS DIRECTION CODE (1,2,3,4) -3

£33 DATA GENERATION COMPLETE 333
335222 _1JKGEN TERNINATED 332X

008100 PAXIMN EXECUTION
0.179 CP SECONDS “ﬁﬂ'!ﬂ! TI.

REVIND, IENT
conmAND- Wi% 13
comwe- uhn

CoPY OF FILE
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COMMAND- BEGIN, IJKGEN,P.

beisisteadeteirssdtoibotitbedstottdsed i
2222222222 BEGIN IJKGEN 22XX2XIXXL
petedetidoboittrobteitiettoior it ottty

I1JKGEN - GENERATION OF GEOMETRIC MESH DATA FOR SOLID,
THICK SHELL OR PI.ATE FINITE ELEMENT MODELS, USING M INTEGER -
-COORDINATE INDEXING SCHEME. OPTIONAL USER ROUTINES ARE -

(1) SURFAC (1,J,K, ALM..ETQ.ZETG) - DEFINE MESH GEOMETRY
(2) CRDTRM (ALPHA,BETA,ZETA,X,¥,2) - COORD. TRANSFORMATION
BUILT-IN OPTIONS INCLUDE RECTANGULAR, CYLINDRICAL OR SPHERICAL
COORDINATES, AND UNIFORM OR PROPORTIONALLY GRADED MESH SPACING

(3) UINPUT - USER PARAMETER INPUT ROUTINE (INITIALIZE DATA
7 BLANK COMMON)

$IITX2222L  USER SUBROUTINE ‘SURFAC’ NOT GIVEN 323332353228
BUILT-IN MESH DIVISIOM OPTIONS ARE AS FOLLOWS -

(1) - UN1 om MESH IN EACH DIRECTION

(2) ~ GRADED NMESH (SPECIFY RATIO OF FIRST/LAST ELEMENT SIZE
mmlw ( 1 » a ) ........‘.......t
EIZX2LLXT  USER SUBROUTINE ‘CROTRM’ NOT GIVEN SZZEZZXXXAX

BUILT-IN COORDINATE SYSTEN TRANSFORMATION OPTIONS ARE - - ~
(1) RECTANGULAR, (2) CYLINDRICAL, (3) SPHERICAL

ENTER COORDINATE SYSTEM OPTION (1,2,3) -2
23 PLEASE NOTE THE FOLLOVING CONVENTIONS FOR CYLINDRICAL SYSTEM 2%

‘ALPHA’ = RADIUS ‘BETA’ = ANGLE *ZETA’ « AXIAL
SYSTEM IS RIGHT-HANDED, UITH ALL ANGLES MEASURED IN DEGREES.

ENTER LINITING SURFACE COORDIMNATE UALUES -
1. ALPHA(RIN) 2. ALPHA(RAX)
3. BETA (MIN) 4. BETA (RMAX)
S. ZETA (NIN) 6. ZETA (Max)

$.0, §.2, 0.0, 90.0, 0.0, 10.0

ENTER THE MUMBER OF ELEMENTS TO BE GEN-
ERATED IN TME ALPHA, BETA AND 2ETA CO-
ORDIMATE DIRECTIONS, RESPECTIVELY .... 1,4,

338 BEGIN GENERATION PHASE 322

mamornon:sro):mnn - 397
NURBER OF ELEMENTS TO BE GENERATED. 20

THE THICKNESS DIRECTION OF THE MODEL (IF OME EX1STS, AS IN A
THICK SHELL) MUST BE IDENTIFIED TO ORIENT ELEMENTS PROPERLY.

OPTIONS ARE (1)ALPHA, (R)BETA, (3J)ZETA, OR (4)CUNINPORTANT) .
ENTER THICKMESS DIRECTION CODE (31.2,3,4) -~ 1

233 DATA GENERATION COMPLETE 122
233333 1JKGEM TERNINATED 232332
026100 MAXINUM EXECUTION FL.

0.141 CP th EXECUTION TIME.
REVIND, UNFNT

COMMAND- COPYBF ,UNFWT, TAPEL0.

€01 ENCOUMTERED AFTER COPY OF FILE
o, RECORD 1

COMMAND- RETURN, UNFWT.

7.58

(B Vg Y]




-AD-A129 823

UNCLASSIFIED

HRGNR (HHTERIRLLV RND GEOHETRICRLLV NONL INEAR ANALYSIS)
EPROCES. . OH RESEARCH INST
BRU R ET AL. DEC 82 UDR TR 82
RFHRL TR-82-3898-PT-2 F33615-86-C 3403 .F/G 972

373



=
=
EEE
¥, .
_.}.
‘ .b EF
a3
4
“ n—u—m—m_ummu..w
‘.n\
“- ! O. L]
" — —
p e ———
| _ s ===
3
-...
p°
p.
b
b
b °.
...”
b,
....
.
b
N
{]
_...
h . ves - OIS, A
-, -y -o-.a- e ....... A e -.-q‘\.\-.‘.-.\ v - ..‘- .\-ﬂ o - T4

Iml'g"

1.4

I

.25
= lil==

|

Se e v
ety e

MICROCOPY RESOLUTION TeST CHART
NATIONAL BUREAU OF STANDARDS-1963-A

NN

p [P IO
t i SARAAARN 4 i




T, 0¥
Dt T RS
Vs
il

Con e
.

A E Y5

.
YRR

e
PR ]

:

kAl
P4

. .'.{

L ol a2

T
e
..' AR

0

P
AR

R N

()

S {2

R LENECR S oM s

7.3.3

» ndlai AR Javk A BBt Sl S AN Dot S0 SN

PREP Execution

COMMAND- BEGIN,PREP,P.

frostdetrroteddotrereoctttod it ottt ]
STITZLXLXLITX  BEGIN PREP 22IXILXILXTy

£32X MAGNA PREPROCESSING UTILITIES zxx2%
berec tlor it totoretoisdediodeeieits]

PLOTTING TERMINAL ( ¥ . N ) 2:3Y
TEKTRONIX OR WP ( T , H ) ? 337

TEKTRONIX TERMINAL TYPES ——m-
0, 4006~
1, 401.14.12/4.13/4.53

8, 49014 / 4
3 4:}: 7 W18 ( ENM. GR. MOD. )

ENTER

ENTER

ENTER FILE 8 8312
EnTER

™wee

‘HELP’ FOR LIST OF COMMANDS
83 LIST
LISTING OF DATA FILES AUAILABLE

810 — CYL-1
811 -— PLT-2

ts PLOT
ENTER INPUT FILE $1 LABEL 33CVL~-t

INITIALIZATION mm ROUTINE ERASES SCREEN.
READY (YM) ? coeed ¥

~J
.

U
O

T W




e e A e W T w =

TANES

PLOT AND LABEL THE AXESP(Y,N) coccesvecocseaet ¥
IDRAY

AT END OF PLOT, ENTER CHARACTER TO CONTIMUE.
READY (V,N).? sece2 ¥

D R RS
R

e w—m W o~ =~ -

3
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ST LT TR T T ST T T T T T T
C:'
ol
[ A

THALN
[::-' 11 NASK
AN ENTER INPUT FILE 81 LABEL 23CYL=4
. ENTER OUTPUT FILE LABEL 33CYL-18M
P CREATING NEU DATA FILE
T’ MASK OPTIONS - .

1. 3=D ELEMENTS ONLY

ELENENTS ONMLY

RN, b+ 2RI
.

.

L . ) AR
PRy U

LA UIPTY VS URT il SR W2 P

ENTER OPTION...;;1

AAX NODE POSITION $ IN FINAL ELEMENTS?
(8,16,20,26,2?) ;316

RASK COMPLETE.

PERFORM SUBSEQUENT SIFT ? (Y,N) =DV

SIFT COMPLETE
139 UMUSED NODES DELETED

ss LIST
LISTING OF DATA FILES AVAILABLE

s PLOT
ENTER INPUT FILE 81 LADEL 33PLT=-4
SORAY

AT END OF PLOT, ENTER CHARACTER TO CONTIMUE.
READY (Y, M) ? ceeed ¥
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"ENTER INPUT FILE 81 LABEL s3PLT=1
ENTER OUTPUT

FILE LABEL 33PLT-16N

ENTER OPTION...131

RAX NODE mlT!& 8 IN FINAL ELEMENTS?
(8,16,30,36,27) ;;16

AASK COMPLETE.

PERFORM SUBSEQUENT SIFT ? (Y, M) =Y

SIFT COMPLETE
203 UNUSED NODES DELETED

3s LIST

" LISTING OF DATA FILES AVAILABLE

LABEL s3CvL-t
ENTER LABEL 3sPLT-1

EXTER INPUT FILE 81 LABEL 33PLT=-160
ENTER OUTPUT FILE LABEL s3PLT-ROT

. LE
ROTATIONS PERFORMED ABOUT X, TMEN ¥

THEN 2.
CNTER ROTATION ANGLES IN DEGREES (X.Y,2) —>=90., 0.0, 99,

H 2 247

33 PLOT

ENTER INPUT FILE 81 LABEL 3 sPLY=-ROT
AT OO OF CHARACTER TG CONTINUE.

PLOT, ENTER
READY (VM) 7 cecet ¥
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MaIN

11 LIST
LISTING OF DATA FILES AVAILABLE

$13 === PLT-16N

13 TRANSLATE

ENTER INPUT FILE $1 LADEL »3PLT-ROT
ENTER OUTPUT FILE LABEL 33PLT-RDY
CREATING MNEY DATA FILE

ENTER TRANSLATION FACTORS(XFAC,YFAC,2ZFAC)-———t 580, 0.0, 10.0
13 DELETE

ENTER LABEL 3 3PLT-ROT

13 MERGE

ENTER INPUT FILE 81 LABEL 33PLT=RDY
ENTER INPUT FILE 32 LABEL $3CYL-16N
ENTER OUTPUT FILE LABEL 3300TH

CREATING NEU DATA FILE
TIDY OPTION ONE OR TUO ? (OPT2, OPT3, HELP) -)0PTR
TIDY CONPLETE
11 DUPLICATE NODES DELETED

13 PLOT
ENTER IMNPUT FILE 81 LABEL $300TH
SDRAY

END OF ENTER CHARACTER TO CONTIMUE.

AT PLOT,
READY (V.N) P ceces ¥
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NAIN

e L1sT
LISTING OF DATA FILES AVAILABLE

ENTER LADEL 33 PLT-RDY
ENTER LADEL 33CVL-16N

ENTER LABEL 33PLT=16N)

DFVER INPUT FILE 81 LABEL 2OT™H
VERT 5

UNICH ﬂxxs xs VERTICAL?
%X, 2 FOR Y, OR I FOR 2 cocceconced b}

e m POSITION

tt:nln1!1¢v M) ceecsecsccccccecccael ¥
THE MODESP(Y,N) vovnnnreccsonnoonnnvooct M

ORIENTATION AKESTCY, MY cccosccrsccosscasd ¥

§ssf.=a’s

ia

AT D OF PLOT mmnmn
READY (¥, M) ? Z...a v
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e LIST
LISTING OF DATA FILES AUAILABLE
510 -== BOTH

313 RENUMBER

ENTER INPUT FILE 83 LABEL
ENTER QUTPUT FILE LABEL
CREATING NEVW DATA FILE

MODE POINT REORDERING COMPLETE

NODAL BANDUIDTH (OLD) » 59
MODAL BAMDUIDTH (NEW) » 59

3t DELE
ENTER LABEL

33B0TH
3 $BOTH/R

$300TH/R

$8 BOUNDS

ENTER INPUT FILE 81 LABEL 33B0TH
ENTER OUTPUT FILE LABEL GEM#.CS
CREATING NEU DATA FILE

mmznmmum FOR  RANDOM
RANGES OF NODES, ALL NODES ON A PLANE,
onmamuzm

FOR EACM GROUP OF NODES, CONSTRAINTS MKS‘T
mmcauxmnonorﬂtx. ¥, & Z DIRECTIONS.
(MOTE THAT a-D RODELS MUST B3E FIXED IN 2)

CONSTRAINT DIRECTION CODE COMSTRUCTED A§ FOLLOUS:

ENTRY 3 - ‘%- Fﬂ CONSTRAIMED IN X DIRECTION

‘e’ F mzm IN X DIRECTION
DRy 2 - SANE FOR
ENTRY 3 - SARE FOR z

m => ‘1,0,1’ FOR CONSTRAINTS IN X AND 2
DIRECTIONS BUT NOT IN V.

AoWN»
[N NN

g
l

INTER NODE SELECTION OPTION (1.2,...8) >3
ENTER CONSTRAINT DIRECTION CODE (THREE UALUES) ->0 0 1
PLANE IS DEFINED BV M BY ¢ CZ « D,

ENTER CORFFICIENTS (A , 3, C . D >0 01 0
43 NODES FOUND
NODES
OF mMODES
IFIED PLANE

L ¥ N1 T
s
ars
-“~_O

ENTER NODE SELECTION OPTION (1,2,...8) =======33
ENTER CONSTRAINT DIRECTION CODE (THREE UALUES) ->1 1 @

PLANE tmwm mucz-o.
sm:"cgnc:m e 3, C, D) —mmmeneea)1 000

22 NODES FOUND

NODES

OF MNODES
CIFIED PLANE
3 4

Oéilt
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ENTER NODE SELECTION OPTION (1,2,...5) =——=====v=)3

: ENTER CONSTRAINT DIRECTION CODE (THREE UALUES) ->0 1 ¢
PLANE 1S DEFINED BY AX + BY + €2 « D.

N ENTER

COEFFICIENTS ( A , B, C , D) —e——===e=)0 1 @ ~10.
& NODES FOUND
1 = RANDOM NODES
2 = RANGE OF NODES
3 - SPECIFIED PLANE
4 - ALL NODES
S - EXIT
ENTER NODE SELECTION OPTION (1,2,...5) === 23

ENTER CONSTRAINT DIRECTION CODE (THREE UALUES) ->0 &1 @

PLANE 1S DEFINED BY AX + BY ¢+ C2 = D.
ENTER COEFFICIENTS ( A , B , C , D)

22 NODES FOouND
RANDOM NODES
RANGE OF MODES
SPECIFIED PLAME
ALL MNODES
EXIT
ENTER NODE SELECTION OPTION (1,2,...5) e=ree——ee)§

20 1 0 -2

C RN 1o
[ B I )

87 BOUNDARY CONDITIONS ADDET
87 BOUNDARY COMDITIONS TOTAL

12 LIST
LISTING OF DATA FILES AVAILABLE

$10 === 2CTH
$11 - GEOM + BCS

ts DELETE
BOTH
ENTER LABEL . 33
33 LOAD
ENTER INPUT FILE 81 LABEL 33GEOR + BCS
ENTER OUTPUT FILE LABEL $3ALL BUT PROPS
CREATING NEU DATA FILE
LOAD SPECIFICATION OPTIONS
N - NODAL LOAD ENTRY
ELERENT LOAD ENTRY
LIST EXISTING LOADS
PRINTS THIS LIST
STOP LOAD ENTRY

L
L]
k ]

ENTER LOAD SPECIFICATION OPTION -—=)€

ELERMENT SPECIFICATION OPTIONS
A = ALL ELEMENTS
S - SINGLE ELEMENT

L R - RANGE OF ELEMENTS
{ H = PRINTS THIS LIST
pr - € - EXIT ELEMENT LOAD SPECIFICATION SECTION

ENTER ELEMENT SPECIFICATION OPTION -——-)
ENTER ELEMENT SPECIFICATION OPTION ---)R
ENTER CASE NUMDER

TR e v

- ENTER SURFACE NURBER -6
ENTER PRESSURE —)=1.0
J ENTER BEGIMNING ELENENT,

H 0ING ELDMENT,

- AND INCREMNT —=>21,30,1
-

b

P,

a 7.70
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ENTER ELEMEMNT SPECIFICATION OPTION --——>E

. LEAVING ELEMENT LOAD SPECIFICATION SECTION
ENTER LOAD SPECIFICATION OPTION -—=)8
LEAMING LOAD SPECIFICATION MODULE

{

TERTY

Pl B I 2o o
Sttt f
LR AL R L.

2.

t2 L ;ST
LISTING OF DATA FILES AVAILABLE

#10 --- ALL NUT PROPS
811 --= GEOM + 3CS

. $1t DELETE
L ENTER LABEL $13GEON + ICS
- $: TINE
m THE CPU TINE FROM THE START OF TNIS SESSION IS 13.03¢ SEC.
‘ ‘&1 PROPS -
i ENTER INPUT FILE 81 LABEL 33ALL DUT PROPS
¢ QUTAUT FILE LABEL 33FINAL

ENTER LE

CREATING MEU DATA FILE -

ELENENT INPUT OPTIONS
ELEMENTS

1) ALL 2-D
) ALL 3-D ELEMENTS
3) ALL ELEMENTS
N 4) RANDONR ELEMENTS
o S) RANGE OF LLEMENTS
& ENTER OPTION...: 3
N ELEMENT TVPES AUAILABLE...
ot ® - DEFAULT (BAR,MENBRANE, SOLID)
b2 1 - SHELL OR BEAR
. - 2 - PLANE STRESS (PEMBRANE)
” 3 - PLAME STRAIMN
o 4 - AXISYRNETRIC
$ - SHEAR PAMEL

:
:

PRESENT ELEMENT TYPE o ]
CHAMGE (Y, M) ccccececeed N

fATERIA, TVE - ®
m ‘v’“’ ..........' "

0N OPTIONS AVAILABLE -~ -
= DEFAULT FOR ELEMENT TVYPE
INGLE PO

PRESENT INTEQRATION ° o
m ".”’ 000-000.00‘ v
OTER NIV INTEQRATION ORDER...: 14

® - PRINTIIG

. 1 - PRINTING OFF

p. -

. PRESENT PRINTING OPTION ¢« @

p.', m ‘ '. N ) eccceet N

-

4

- |
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tt STOP
LISTING OF DATA FILES AVAILABLE

$10 -=— ALL BUT PROPS
811 -~-= FINAL

sroe

364100 MAXIMUM EXECUT FL.

10.879 CP SECONDS EXECU‘I’!ON TIME.
FILE QUOTA EXCEEDE
D~ FILES

ILES
TAPELS TAPEL®  SINPUT SOUTPUT 3P
TAPELY TAPE%; TAPELS TAPELI TAPEL4

EXCEEDED
COMRAND- RETURN, TAPE10, TAPELR, TAPEL3, TAPEL 4, TAPELS, TAPELG, TAPEL?
ComwiD- FILES
—~LOCAL FILES— :

TElS sSDwur  souteut  ze TAPELL
COMMAND- RETURN, TAPELS
COMMAND- REUIND, TAPE11
COMAND- COPYEF . TAPEL1, unEMT

md R'COPY OF FILE

. cm
COMMAND~ m 'msu

Ra
dtdouindbt,

L
A
o
oo,
.

vy
f

)
f

v
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Y
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7.3.4 REFMT Execution

. -
! CLMPMAND~ BEGIM,REFI.T,P.

N $TELTLTAITLTITIXTSTTTTTILLLELLYTIILLLTRS
E BEGIN REFNT = MAGNA INPUT GENERATOR
322222 TLTITLTTLTITTTTLETTTLTETLELTTITRL

IX SUMMARY OF INITIAL SCAN OF DATA FILE 32

NURBER OF NODAL POINTS .coceoe
NURBER OF ELEMENTS (TOTAL) ...
NURBER OF CONSTRAINT RECORDS..
NURBER OF LINEAR COMSTRAINTS..
MUNBER OF MNODAL LOADS ........
MURBER OF ELEMENT LOADS .c....
DISTINCT LOAD CASES / GROUPS..

ool

RAGHA MURBER OF ELEMENTS UITH
TVveE ELEMENTS UNSPEC. WATRL

" ENTER A THREE-LINE PRODLER TITLE (UP TO 80 CHARACTERS PER LIMNE)
.oco.o‘...‘..o0.000'300.0...'.3000000.00‘00...00.vs..o..ooo.‘.ooo-oo-o?....ooo.’.

AR STATIC ANALYSIS UITH RAGNA

«
:
:
:
g
é

RAJOR SOLUTION OPTIONS AND PARANETERS

ENTER AMALYSIS TVE (LINEAR, NONLINEAR) ~NONLINEAR
ENTER ANALYSIS SUBTYPE  (STATIC,DVNARIC)——-~STATIC
ENTER TINE STEP OPTION (CONST.,UARIASLE) =—-CONST
ENTER TME INITIAL SOLUTION TINE STEP ~—e—ea-ig,
ENTER THE NMUNIER OF SOLUTION TINE STEPS —--1@
ENTER PRINTING PREQUENCY, IN INCREMENTS ——-g
EOUILIDRIUN ITERNTION OPTIONS ARE AS FOLLONS
NODIFIED WELTON (CONST. STIFFNESS)
CORBINGD FULLOMODIFTED MEUTON

ENTER ITERATIVE SOLUTION OPTION (9,1,2,3) --3
POSTPROCESSOR FILE TO BE URITTEN (Y/N) =memmy

ENTER THE FREQUENCY (IN INCREMENTS) AT UNICH
RESULTS ARE TO SAUED ON POSTPROC. FILE ~=—=8

ARE RESTART FILES TO DE READ  (Y/N) =wwmuei
ARE RESTART FILES TO BE URITTEN (Y/M) ——===y
ENTER NEM RESTARY FILE LABEL (4 CHARS,) -——fFfPLT

(4
1
2
3

i
v
K

-
~

E 7.73

T e P -,
b e e ettt e .



~— — ——T ~ -, W T I W W W T W W e Y e Y s
[ - T v COME A0 B S Sovie Sbinc T tho e I tete N ) S e pom0n IR ) S Ara dacil et Apou B Gl MM A e A At i LT, 1
R St AR e S A S el Tl NI I N ) . AR . N B R

ENTER THE NUMBER OF INCREMENTS BETUEEN
CHECKPOINTS ON THE NEU RESTART FILE --—----2

prrodiocerbetslosecectisit ot
END OF OPTIONS SPECIFICATIONS
2SEXTXXIXXREELRXLARX

INDIVIDUAL ELEMENTS IN THE MODEL CONTAINUNDEFIMNED PROPERTIES
ELEMENT TVPE . 8

MUNBER OF ELEMENTS- 50

PLEASE DEFINE A DEFAULT PROPERTY CODE FOR THIS ELEMENT TYPE,
OR ENTER MATERIALS DO'I’Q DIRECTLY BELOVW.

MATERIAL PROPERTY DEFINITION OPTIONS

€ -- ENTER PROPERTY DATA DIRECTLY

C -— SPECIFY A LIBRARY PROPERTY CO

L =~ LIST SELECTED LIDRARY ENTRIES

ENTER OPTION (E , C, L)

t

LIBRARY MATERIAL DESCRIPTIONS CAN JE LISTED BY MATERIAL TYPE
LALID MATERIAL OLLOUS ~~--

1 TYPES ARE AS FOL

ACRYL - 1cs
ALUMT - ALUMINUM ALLOVS

. CASTI ~ CAST IRONS
COPPR ~ BASED ALLOYS
GLASS - GLASSES
NAGNS - Iun aLLovs
NICKL - WICKEL ALLOVS
PLYNR - POLVMERIC MATERIALS
POLYC - POLYCARBONATES ,
STEEL - CARBOM STEELS
STSTL - STAINLESS STEELS
TITMR - TITANIUN

ENTER MATERIAL TYPE (STEEL,STSTL,ETC.)--STEEL
mn. m l".....!0.‘”!"2”......‘.'..Q....

®
KRR+
coo0nn00

F

P4
shhleags
zs;zSiSi

200
900.F
MR

co

s
i
§ 3

e

IREXX]

1.

MATERIAL PROPERTY DEFINITION OPTIONS
€ -~ ENTER PROPERTY DATA DIRECTLY
€ ~= SPECIFY A LIDRARY PROPERTY
L ~- LIST SELECTED LIDRARY ENTRIES

ENTER OPTION (E , C, L)

ENTER LIDRARY PROPERTY CODE --158

L S0 0% T AaE
AR

I

‘

MATERIAL PROPERTIES umunon FOR THE MODEL 1§ COMPLETE.
AT ﬂ‘!l POINT MATERIALS DATA RAY BE EDITED AS NECESSARY,
MMMMQWIGIXQWIMMFNMW
ANALYSIS MY DE DEFINED A® ZERO)

CURRENT PROPERTIES ARE LISTED MLONW ——

»

L 0 P P
-
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CODE MODULUS POIS.RATIO DENSITY  VYIELD STR. THERN.EXP.
-8 .3000C468 .29100+00 .7RS0E-03 .GI00E+E .7I00E-06

L = (L)IST CURRENT PROPERTIES TABLE
€ = (CHMANGE AN ENTRY IN THE TABLE
$ = ($)TOP EDITING )
ENTER OPTION (L ,C, 8)

(P OLULUS (P 10IS: ONS RATIO
(DIENSITY (V)1IELD STRESS

(TIHERMAL EXP. COEFF.

ENTER GUANTITY TO BE CHMANGED (N,P,D,Y,T)——-P
ENTER PROPERTY CODE (AS SHOUN IN TABLE)- -8
CNTER POISSONS RATIO °.28
L= (l.)!l'l' CURRENT PROPERTIES TABLE

C = (CIHANGE AN ENTRY IN THE TABLE
§ - (S)‘I’O €nITING

ENTER OPTION (L, C, $)

L

CODE MODULUS POIS.RATIO DENSITY YIELD STR. THERM.EXP.
-8 .J0006408 .FBOOE+E0 .72SUE-03 .GINCEHE . 7INNE-06

L ¢ (L)IST CURRENT mn:s AM

€ = (CHANGE AN ENTRY IN THE T

8§ = (S)TOP EDITING

EXTER OPTION ( L ,
(RO0ULUS rmm RATIO
(YIIELD STRESS

ENTER QUANTITY TO BE CHANGED (W,P,D.Y,T)—Y
ENTER PROPERTY CODE (AS SHOUN IN TASLE)- -8

ENTER YIELD STRESS 60000.
L'(l)lﬂmmm
€ = (CHANGE AN ENTRY IN THE TABLE

$ . She DT ,
EVER OPTION (L, C, $ ) ——mememeeesg

NUNBER OF TINE FUNCTICNS TO BE GENERATED » 1

THEST TIME FUNCTIONS OESCRIDE THE UARIATION OF APPLIED LOADS
DURING THE SOLUTION, BY SCALING THE LOADUALUES GIVEM IN THE

- DATA. LOAD=VS~TINE FUNCTIONS MAY BE GENERATED AUTOMATICALLY
- FRON THE OPTIONS DELON ——
. (1) = STEP FUNCTION (CONSTANT)
- (3)  TTeP FUmCTION OUER A mmn TINE INTERUAL
N (3) - RANP FUNCTION
¥ (4) - TRIANGULAR PULSE
3 () - USER DEFINED
H
-
b LIST ELEMENT PRESSURE DATA ( Y , N ) =V
- ELERENT PRESSURE DATA
- FInsT ua-r ek sunr mt
o an .zmm
4
-
b,
5
F.
i 7.75
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23338 DATA CURVE OPTIONS 23332

1 1

} t OPTION 1 ) } ¢ OPTION 2 )
30ROOOO00OOONINIKNINNK 0OARRIONNK

X X

X X i

X X X

X b XA
1 X 1 X

1 X

1 x . 1 X X

1 1 X X

1 X 1 x X

1 X 1 X X

1 X I X X
{X ( OPTION 3 ) 1Xx ( OPTION 4 ) Xx

( OPTION § = USER - DEFINED DATA CURVE )

ENTER TIME FUNCTION TYPE FOR CURVE NO. 1§ -3

PEAK LOADING UALUES ARE ASSUNED TO THOSE
ORIGINAL DATA FILE. DO YOU VISH ?O‘SOM-E &cg&n&% N

PEAK LOADING UALUES ARE ASSUMED TO BE THOSE SPECIFIED IN
ORTGINAL DATA FILE, DO vOU VTSN 10  SOmE THe st UALLES. (Y N
L = (L)IVE ELEMENT SURFACE PRES

D * (DIEAD LOADING et umes

ENTER SURFACE PRESOURE TVPE ( L , D ) —-L

:uuntunxxnxnxxaxxxtnuunnux:
: DATA GENERATION COMPLETE :
TESTTELTSTLLRATIRRSTLLLLLLLLLETAETLRXLY

sToP
055500 MAXIMUR EXECUTION FL.
$1.338 CP SECONDS EXECUTION TIRE.

COPYDF,
SESEOL/EOF /EOR ENCOUNTERED-NO DATA COPIE
DRST

CONRAND~ COPYDF ,FDATA,RYFILE.
COMMAND- mm.mr&.rommn.n-m.n-m
INITIAL CATALOG
CT ID* DROCKMAN PFNeFOLDEDPLATEDATA
CT CV» 001 SN-AFFDL 0000083388 UORDS.
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APPENDIX A

PREPROCESSOR FILE DESCRIPTIONS

The preprocessor described in this report deals with two
internal forms and two external forms of finite element model
data. These forms are discussed briefly in Section 6 - Model
Data Files. Table A.l describes the unformatted 2-D internal
data file that is utilized for shell-like surface models
defined via the programs CORGEN, AGRID and SPATCH described in
Section 2. The EXPAND utility converts all shell surface model
files to the standard unformatted 3-D internal data file illus-
trated in Table A.2. This file type is accessed by the prepro~
cessor and the data translation programs. Once the user has
defined the model, there exist two external file types for
transferring data from the preprocessor to other programs or
computer systems. Table A.3 describes the neutral data file
format, which can be used to transfer data between the prepro-
cessor and other programs, to transmit data between computer
systems, or to archive modeling data in a form which can be
listed on a terminal or line printer. The MAGNA input file,
which is input to TRNSFR and output from REFMT, is described
in detail in Reference ([4].
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TABLE A.l
- N
- SHELL SURFACE GEOMETRY FILE

File description: This is an unformatted (binary), sequential file
S of surface (2-D) model data output from the data
Il entry programs AGRID, CORGEN and SPATCH. The
= numbering of node points and elements is sequen-
tial with numbering implicit,

Section # Records Variables Description

I 1 NUMNP Number of node points
NUMEL Number of elements
II NUMNP COORD(4) Cartesian coordinates and thick-

ness for node point

I1I NUMEL NCON(9) Nodal connectivity for element

T T R PP PUNP ORI NPV GHE P PV WA O P D D o o




m TABLE 4.2

- THREE-DIMENSIONAL MODEL DATA FILE

(AR AN
.

USR]

- '< V Y‘.T.C'V‘A.r'
e

Ta

Gt

R
.

Ny [

*

.f..
@

p
. File descrirtion?! This is an unformatted (binarw)s seauential file

of three-dimensiohsl msodel dats outeut from the

data entry mprosrams CREATE,

EXPAND and IJKGEN

and the interface routines (e.s. NEUTRAL, IMPRINT

Tj'?'

and TRNSFR
Section # Records Variables Descrimrtion
I 1 NUMNP Nuaber of node roints
-— NUMEL Nuaber of elements
NUMBC Nusber of boundary conditions
II NUMNP NODNUM Node roint nuaber (arbitrarw)
COORD(3) Cartesian coordinates (XreYs2)
I11 NUMEL IELNUN Elesent nuaber (arbitrary)
ITYPE Element ture code
MATRL Material twere code
IAXSET Material axis code
INTORD Intesration order
IDUMC(I) Unused
NCON(27) Nodal connectivity for elesents
(variable 1-27 naodes salid) f‘
P
v NUMBC IBEG First node -
IEND Last node
INCR Node increment
IDIR(3) List of constrained directions
v 1 NUMNL Nuaber of nodal loads
vI NUMNNL NBPEG First node .
NENP Last node
INCR Node incresent
ICASE Case nuaber
F(3) Nodal force vector (X»Y»2)
Vit 1 NUMLE Nuaber of elemsent loads
VIII NUMLE NBES First elesent
NEND Last eleaent
INCR Eleasnt increment
ISURF Surface or edse nuamber
ICASE Case number
FORCE Force rer unit ares/lensth
IX 1 NUMLC Nuaber of linear constraints
X NUNLC NGDE Node nuaber
- XMULT Multirlier for X-disrlacesent
YMULT Multirlier for Y-disrlaceasent
INULT Multirlier for Z-disrlaceaent
-
A.4
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- TABLE A3

' C .

NEUTRAL FILE DATA FORMAT

File descrimstion!

- -

This is a forsatted (character)r seauential file
of three-dimensional nodel data outrut from the
NEUTRAL rrasraa.

Records are all 80 columns.

-~ Section & Records Variable Format Descrirtion
N : P NUMNP 1s Nusber of nade moints
NUMEL b¢-1 Number of elements
NUMBC IS Nuaber of boundary conditions
Iz NUNNP NGDNUNM ) - Node roint number (arbitrary)
: : CRORD(3) €E18.8 Cartesian coordinates (X,Y,2)
Iz NUMEL IELNUM I3 Eleaent number (arbitrary)
ITYPE I8 Eleaent twee code
MATRL IS Material twepe code
IAXSET b¢-1 Material axis code
INTORD IS Intesration order
IDUNCD) I3 Unused
NCON(27) 1S Connectivity for elesents
(variable 1~27 nodes)
v NUNBC IBES IS Firet node
IEND IS Last node
INCR 1S Node increment
IDIR(I) 18 List of constrsined directians
v 1 RUMNL b4 Nuaber of nodal loads
v NUMNL NBEG Is First node
NEND Is Last Node
INCR ) ¢-1 Node increment
ICASE I8 Case nuaber
Fi3) JE1%.8 Nadal farce veckor (X»Y¥sZ)
1’29 1 NUNLE IS Nuaber of eleaent loads
VIII NUMLE NBES p¢-] First elesent
NEND $-1 Last element
INCR 13 Element incresent
ISURF b 4-1 Surface or esdde nuaber
ICASE ) ¢-1 Case nuaber
FORCE €135.8 Force rer unit arves/lensth
g
a X 1 NUMLE I3 Nusber of linear constraints
¢ X NUNLC NODE s Node nusber :
< . XMULT £15.8 Multirslier for X~disrlacesaent
ﬁ YNULT £15.8 Multirlier for Y-disrlacesent
& IMULT £1S.¢ Multirlier for Z-displacesent
[:
E .
» —
-
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APPENDIX B -4

POSSIBLE DATA PATHS

Tables B.l and B.2 contain a brief summary of the preprocessing

AR Al

""'r'v'—w"‘T'
[P AR .
.- ettt R L.,

programs and data file types referred to in this report. These, in
conjunction with the flow chart in Figure 1.1, are intended to aid in
determining the best path to follow through the system in preparing

a finite element analysis model.

For a particular application, the type of data available for use

!! should be compared with the data entry descriptions given in Table
- B.l. The type of data generated by any_ of the data entry or translatio
utilities can then be determined from Table B.2. The data type

generated can next be compared with the input file types in Table B.2
to determine which utility (usually EXPAND or PREP) will be executed o
next. Once the model data is stored in the internal, three—dimensionai
file format used by PREP, the data path will generally take the form
PREP --> REFMT --> MAGNA for analysis, or PREP --> NEUTRAL for the
translation to the format required by other programs.
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TABLE B.l

PREPROCESSCR MODULE FUNCTIONS

"

INITIAL DATA GENERATION
AGRID : Definition of surface geometry via an
arbitrarily arranged grid of points.

CORGEN : Lofting and/or direct data input of arbitrary
surface geometry.
CREATE s Direct input and editing of coarse mesh
gecmetry.
EXPAND : Expansion of surface geometry description
ii.to three~dimensional model form.
IJKGEN ¢ ., Mesh generation on analytically-defined
. sur faces.
SPATCH : Model generation from surface ‘patch'’
w : , description.
) INTERFACING MODULES '
IMPRINT e Conversion of IMPRESS preprocessor file to
MAGNA preprocessor format.
NEUTRAL : Translation of model data between internal
format and external (text) format.
TRNSFR t Conversion of MAGNA input to preprocessor
format. 1
PREPROCESSING | |
PREP : Model refinement, merging, plotting,
properties definition, etc.
. REFMT : Generate MAGNA input data deck.
-
{
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TABLE B.

2

PREPROCESSOR F1ILE TYPES

- —— = = = " " = P = = -~ - - -

———— - ——— - ——— - - —— P -~ —

| FILE TYPE | TYPE FILE |
] 1 | Internal 3-D | Unformatted |
| | pata File | Ssequential |
| | | |
[ | ] |
| | ] |
| | | |
| 2 | Internal 2-D | Unformatted |
| | Data File | Sequential |
1 ! 1
| 3 | Material | Formatted |
| | Properties | sSequential |
1 | Library File | |
| 4 | Neutral Data File | Formattea |
| ] . Sequential |
I 5 | MAGNA Input Deck | Formatted 1
| | | Sequential |
A.8

CREATE
TRNSFR
IJKGEN
PREP
EXPAND
NEUTRAL
IMPRINT

CORGEN
SPATCH

| AGRID

A 7




N _ APPENDIX C

ACCESS PROCEDURES FOR PREPROCESSOR MODULES

Procedures for accessing the individual preprocessor modules are
summarized in Tables C.1 and C.2 for quick reference. On CDC machineJ
all of the programs may be. accessed through a single CCL (CYBER Contro
Language) command procedure, PREPROCESSORPROC; execution is initiated
& by entering a single BEGIN command as described in Table C.l. On the
[; VAX 11/780, the DCL (Digital cCommand Language) procedure [MAGNA.RAB]

j CONTROL may be used to control execution, or a RUN command may be

ﬁi issued directly.
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APPENDIX D

USER SUBROUTINES FOR IJKGEN

The user subroutines for IJKGEN (UINPUT, SURFAC,
the following general forms:

SUBROUTINE UINPUT
COMMON <variable list>

variables in blank COMMON > -

RETURN
END

SUBROUTINE SURFAC ( I, J, K, ALPHA, BETA, ZETA )
COMMON <variable list>

COMMON / LIMITS / IMAX , JMAX , KMAX ,
+ ALFALO , ALFAHI , BETALO ,
+ BETAHI , ZETALO , ZETAHI

< user - written FORTRAN

and CRDTRN) have

< user - written FORTRAN code to read or initialize

code to define the curvilinear
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i: i coordinates ALPHA, BETA, and ZETA as functions of I,
S J, and K. The generated coordinates should form a

l’ hid right-handed coordinate system but are otherwise

2 arbitrary >

!I RETURN
END

SUBROUTINE CRDTRN ( ALPHA, BETA, 2ETA, X, Y, Z )

N COMMON <variable list>
P
S COMMON / LIMITS / IMAX , JMAX , KMAX ,
+ ALFALO , ALFAHI , BETALO ,
+ BETAHI , ZETALO , ZETAHI
tf%‘ < user - written FORTRAN code to define the transformation

from curvilinear coordinates ALPHA, BETA, and ZETA to
right-handed Cartesian coordinates X, Y, z >

RETURN
END
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o Normally, UINPUT will not be used unless at least one of the other
e routines is also supplied to IJKGEN. When UINPUT is used to set
E; the values of parameters in blank COMMON, these values will not
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be modified elsewhere within the program and may be used and/or .;1
modified as needed within SURFAC and CRDTRN.

The named COMMON block /LIMITS/ contains data concerning the
limits of the mesh being generated, which is often useful within
the user subroutines SURFAC and CRDTRN. The three integer values
IMAX, JMAX, KMAX contain the maximum values of the generator
indices (their lower limit is always one), and the remaining
parameters describe the lower and upper limits of each of the
curvilinear coordinates, which are requested as keyboard input
during execution. While the data in COMMON /LIMITS/ is always
accessible to the user routines, the data values should not be

modified to ensure proper operation of the program.
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. The three
- UPATCH

: - UOPEN
‘ - UCLOSE

In most instances, only the first routine, UPATCH, will be needed to

.
Cc PATCH =
c
C
C
c
c
c THICK =
c
c NU =

perform the data conversion.
The general form of UPATCH is as follows:

- SUBROUTINE UPATCH ( PATCH, THICK, NU, NV, -ICOUNT, IEND )
DIMENSION PATCH ( 4, 4, 3 )

aaean st vt _anad bootin e RS S R A - -~
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APPENDIX E

USER SUBROUTINES FOR SPATCH

available user-written subroutines for SPATCH are:
~ define surface patch coefficients and generation dat{

- open and/or position input file
- <close input file

-

Output array of patch coefficients, having the same form

as in equation (2.3).
PATCH (i,3,1) = coefficient array (4x4) for X-coordinate
PATCH (i,3,2) = coefficient array (4x4) for Y-coordinate
PATCH (i,3,3) = coefficient array (4x4) for Z-coordinate

Thickness value for the patch, for use in EXPAND

Number of quadratic elements to be generated from this

PR AP P U W VA VONI WS WU WONE. WS- S




------------

0O 00 0000000000000

ICOUNT

IEND

sur face patch, along the u-coordinate direction

-7

Number of quadratic elements to be generated from this
surface patch, along the v-coordinate direction

Sequence number for this patch. ICOUNT is provided in
case the user routine must keep track of the number of
patches read. When UPATCH is entered for the n-th time,
the value of ICOUNT = n, unless modified by the user.

End of data flag, to be set in UPATCH. If no more data
exists, IEND should be set to 1 to inform SPATCH that
all of the data has been read. If IEND=0 on exit from
UPATCH, SPATCH will generate surface data from the
parameters PATCH, THICK,.NU and NV.

- < user-written code >

RETURN
END

The UPATCH routine may read data from any type of file (random,

sequential, formatted, or unformatted). For this reason, a second
user-written routine, UOPEN, is provided to permit initialization
of the file to be read. The form of UOPEN is simply

A.l6
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SUBROUTINE UOPEN

¢ code to initialize file >

RETURN
END

On CDC machines, the local file TAPES@Z is reserved for use by UPATCH,
and the UOPEN routine need only be provided if the surface patch data

is stored on a random access file; in this instance, UOPEN may be used
to initialize the random file.by calling OPENMS, for example. Random
file index keys may be declared in blank COMMON if desired, since
SPATCH does not use unlabelled COMMON blocks. With the VAX version of
SPATCH, UOPEN must be provided to open the file containing surface
patch data.

UOPEN is called at the beginning of execution, before any data is
reguested from UPATCH. When the file to be read contains other data
preceding the surface patch data, UOPEN can be used to position the
file properly.

The third user routine, UCLOSE, is provided to permit closing of
the user data file following execution. Normally, UCLOSE will not be
required for either machine version (VvAX, CDC), but is provided for
use in exceptional circumstances. UCLOSE is called as the last step

A.l7
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in execution; its form is

SUBROUTINE UCLOSE

< user code >

RETURN
END
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APPENDIX F

MATERIAL PROPERTIES LIBRARY

The material properties library used by PREP (Section 4) and REFMT

(Subsecticn 5.1) contains materials data for twelve classes of materia

ACRYL - Acrylics

ALUMI ~ Aluminum alloys

CASTI - Cast irons

COPPR - Copper-based alloys

GLASS - Glasses . : -
MAGNS -~ Magnesium Alloys

NICKL - Nickel alloys

PLYMR - Polymeric and silicone materials
POLYC - Polycarbonates

STEEL - Carbon steels

STSTL =~ Stainless steels

TITNM - Titanium

Each material in the library is described by an accession number (five
digits), a five-character class designation (e.g., ALUMI), a text
description, and a list of numerical property values. Stored property

information consists of:

- elastic modulus;
- Poisson's ratio:
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- elastic shear modulus;

- mass density; o
! - coefficient of thermal expansion; and
- - 1initial yield stress.

At present, the library does not contain material data for the plastic
range of deformation (e.g., strain-hardening slope or full stress vs.
strain curves), but allowance has been made for references to such
tables, stored within the library. Two such table pointers are stored
as part of the material description for each entry in the library.
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